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Fish  (top  left),  anemones  (top  center),  and  seaweeds  (top  right)  are  common  organisms  associated  with 
rubble  structures  such  as  the  jetties  at  Murrells  Inlet,  South  Carolina  (bottom  photograph). 
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PREFACE 


This  community  profile  provides  an 
introduction  to  the  ecology  of  communities 
on  rubble  structures  in  the  South  Atlantic 
Bight  (Cape  Hatteras,  North  Carolina,  to 
Cape  Canaveral,  Florida).  The  most 
prominent  rubble  structures  in  this  area 
are  jetties  built  at  the  entrances  to 
major  harbors.  We  concentrate  much  of  our 
discussion  on  these  types  of  structures 
since  most  of  the  available  literature 
concerns  jetties  or  biological  communities 
similar  in  species  composition  to  those 
that  occur  on  jetties.  However,  we  also 
discuss  the  ecology  of  natural  hard- 
substrate  habitats  in  general  and  how 
these  compare  with  the  communities  that 
develop  on  rubble  structures.  It  is  our 
hope  that  this  text  will  serve  as  a 
general,  yet  thorough,  review  of  why  such 
structures  are  built,  their  general 
effects  on  near  shore  sediment  dynamics, 
and  what  forces  affect  the  organisms  that 
live  in  close  association  with  these 
structures. 

After  an  initial  discussion  of  the 
different  types  of  rubble  structures 
(Chapter  1)  and  the  physical  factors  that 
affect  the  organisms  associated  with  them 
(Chapter  2),  we  devote  a  major  portion  of 
our  text  to  the  ecology  of  rubble- 
structure  habitats.  In  Chapter  3,  we 


describe  the  community  composition, 
distribution,  seasonality,  and  recruitment 
patterns  of  the  major  types  of  organisms 
found  on  rubble  structures  (plankton, 
seaweeds,  invertebrates,  fishes,  and 
birds).  We  also  describe  the  major 
species  within  most  of  these  groups  and 
review  some  aspects  of  their  basic  natural 
history.  In  Chapter  4,  we  discuss  the 
major  physical  and  biological  factors 
affecting  the  organization  of  intertidal 
communities,  sunlit  subtidal  communities, 
and  shaded  subtidal  communities.  We  also 
evaluate  the  potential  effects  of  complex, 
and  often  indirect,  interactions  in 
structuring  these  communities.  The 
effects  of  rubble  structures  on  shoreline 
evolution  and  engineering  are  considered 
in  the  final  chapter  (Chapter  5)  on 
management  considerations. 

Questions  or  comments  concerning  this 
publication  or  others  in  the  profile 
series  should  be  directed  to: 


Information  Transfer  Specialist 
National  Wetlands  Research  Center 
U.S.  Fish  and  Wildlife  Service 
1010  Gause  Boulevard 
Slidell,  LA  70458 
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CHAPTER  1.  INTRODUCTION 


The  South  Atlantic  Bight  borders  the 
United  States  coastline  from  Cape 
Hatteras,  NC,  to  Cape  Canaveral,  FL.  The 
shoreline  along  the  Bight  is  sandy  and 
characterized  by  numerous  barrier  islands 
separated  by  tidal  inlets.  Interspersed 
along  this  coastline,  especially  at 
inlets,  are  various  artificial  structures 
composed  of  hard  rubble  materials.  These 
rubble  structures  are  the  focus  of  this 
profile. 


1.1  DEFINITION  OF  RUBBLE  STRUCTURES 

Rubble  structures  are  mounds  of 
random-shaped  and  random-placed  stones 
protected  with  a  cover  layer  of  selected 
stones  or  specially  shaped  concrete  armor 
units  (Whalin  et  al .  1984).  Most  commonly 
they  are  constructed  of  large  boulders, 
but  they  can  be  built  from  a  wide  variety 
of  materials,  including  steel,  concrete, 
pilings,  wood  timbers,  and  plastic  bags 
filled  with  sand  (Whalin  et  al .  1984). 

Rubble  structures  can  be  divided  into  two 
general  categories  based  upon  their 
position  relative  to  the  shoreline  and 
their  purpose.  The  first  category 
includes  those  structures  built 
perpendicular  to  the  shoreline  and 
designed  to  interrupt  the  littoral 
transport  of  sediment.  This  category 
includes  jetties,  weir  jetties,  and 
groins.  The  second  category  of  rubble 
structures  includes  those  built  parallel 
to  the  shoreline  and  designed  to  prevent 
waves  from  reaching  the  higher  elevations 
of  the  beach.  This  category  includes 
breakwaters,  seawalls,  bulkheads,  and 
revetments. 

Structures  Perpendicular  to  the  Shoreline 

Jetties  are  structures  used  at  inlets 
to  stabilize  the  position  of  the 


navigation  channel,  to  shield  vessels  from 
wave  forces,  and  to  control  the  movement 
of  sand  along  the  adjacent  beaches  so  as 
to  minimize  the  movement  of  sand  into  the 
channel . 

Weir  jetties  are  updrift  jetties  with 
a  low  section  or  weir.  Littoral  drift 
moves  over  the  weir  section  into  a 
predredged  deposition  basin  which  is 
dredged  periodically. 

Groins  are  shore  protection 
structures  built  to  trap  littoral  drift  or 
retard  erosion  of  the  shore.  They  are 
usually  shorter  than  jetties  and  are  used 
along  the  beach  away  from  inlets. 


Structures  Parallel  to  the  Shoreline 

Breakwaters  are  wave  energy  barriers 
designed  to  protect  any  landform  or  water 
area  behind  them  from  the  direct  assault 
of  waves. 

Seawal 1 s  are  structures  separating 
land  and  water  areas,  primarily  designed 
to  prevent  erosion  and  other  damage  due  to 
wave  action.  Seawalls  are  designed  to 
receive  the  impact  of  the  sea  at  least 
once  during  each  tidal  cycle. 

Bui kheads  are  structures  built  higher 
on  the  shore  than  a  seawall  or  a  revetment 
to  retain  or  prevent  sliding  of  the  land. 
A  secondary  purpose  is  to  protect  the 
upland  against  damage  from  wave  action 
during  storms. 

Revetments  are  facings  of  stone, 
concrete  or  wood  built  to  protect  a  scarp, 
embankment,  or  shore  structure  against 
erosion  by  wave  action  or  currents. 
Revetments  are  a  protective  armor,  rather 
than  a  retaining  structure. 
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1.2  RUBBLE  STRUCTURES  OF  THE  SOUTH 

ATLANTIC  BIGHT 

Although  many  small  rubble  structures 
exist  throughout  the  South  Atlantic  bight, 
the  most  prominent  rubble  structures  in 
this  area  are  the  jetties  constructed  to 
protect  the  entrances  to  the  region's 
major  harbors  (Figures  1  and  2).  Some  of 
the  largest  jetties  are  described  below. 

Beaufort.  North  Carolina 

There  are  two  small  jetties  near 
Beaufort  Inlet.  Radio  Island  jetty  was 
built  prior  to  1939  (C.G.  Bookhout,  Duke 
University  Marine  Laboratory;  pers.  comm.) 
to  prevent  the  shoaling  of  Bulkhead  Channel 
leading  to  Beaufort  Harbor.  Early  surveys 
(U.S.  Coast  Survey  Chart  No.  874,  1874; 
U.S.  Coast  and  Geodetic  Survey  No.  3387, 


1913)  suggest  that  Shackleford  jetty  was 
constructed  near  the  turn  of  the  century  in 
an  early  attempt  to  stabilize  Beaufort 
Inlet.  Neither  of  these  jetties  is 
currently  more  than  300  m  in  length. 
Although  small,  their  location  near  the 
Duke  University  Marine  Laboratory  and  the 
Institute  of  Marine  Sciences  of  the 
University  of  North  Carolina  at  Chapel 
Hill  has  made  them  among  the  best  studied 
jetties  in  the  South  Atlantic  Bight.  For 
this  reason  they  are  included  here. 

Masonboro  Inlet,  North  Carolina 

This  inlet  is  between  Wrightsville 
Beach  to  the  north  and  Masonboro  Island  to 
the  south.  The  north  jetty  off 
Wrightsville  Beach  is  1,140  m  long  and  was 
constructed  in  1965-1966  (Kieslich  1981). 
The  continued  transport  of  sand  into  the 


Figure  1.  The  jetties  at  Murrells  Inlet,  SC,  in  various  stages  of  construction  (A  and  B)  and  completed  (C).  (D) 
shows  a  close-up  of  the  large  boulders  used  to  form  oceanic  jetties  (photos  courtesy  of  U.S.  Army  Corps  of 
Engineers). 
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channel  from  the  south  necessitated  the 
construction  of  a  southern  jetty  off 
Masonboro  Beach  in  1979-1980.  The 
southern  jetty  is  560  m  long  (Whalin  et 
al.  1984). 

Little  River  Inlet,  between  North  and 
South  Carol ina 

Two  jetties,  both  approximately  1,090 
m  in  length,  were  constructed  between  1981 
and  1983  (Hansen  and  Ward  1986).  They  are 
designed  to  protect  the  channel  between 
Bird  Island  to  the  north  and  Waites  Island 
to  the  south. 

Murrells  Inlet.  South  Carolina 

The  north  jetty  extends  some  1,040  m 
off  Garden  City  Beach  and  was  constructed 
between  1977  and  1979  (Van  Dolah  et  al . 
1984).  The  south  jetty,  off  Huntington 
Beach,  is  approximately  the  same  length 
and  was  constructed  between  1979  and  1980. 

Winvah  Bav.  South  Carolina 

Two  jetties  were  constructed  around 
the  turn  of  the  century  at  the  entrance  to 


Winyah  Bay.  A  photograph  in  the  office  of 
Senator  Bill  Doar,  Georgetown,  SC,  shows 
them  under  construction  in  1898.  The  north 
jetty  off  North  Island  is  some  1,938  m  in 
length,  while  the  south  jetty  off  Sand 
Island  is  4,060  m  long. 

Charleston.  South  Carolina 

Construction  on  two  jetties,  4,060  to 
4,689  m  in  length,  was  completed  in  1896 
(Neal  et  al .  1984).  Since  that  time 

Sullivans  Island  to  the  north  has 
experienced  a  net  accumulation  of  sand, 
while  Morris  Island  to  the  south  has 
suffered  severe  erosion. 

Savannah  River.  Georgia 

There  are  two  jetties  constructed 
between  1890  and  1898  that  protect  the 
Savannah  River  Harbor  (Griffin  and  Henry 
1982).  These  jetties  extend  seaward 
approximately  3,658  m  and  have  interrupted 
littoral  transport  of  sand  to  the  south. 
This  and  continued  dredging  of  the  channel 
have  resulted  in  considerable  erosion  on 
Tybee  Island,  located  south  of  the 
Savannah  River. 

St.  Marvs  Entrance,  between  Georgia  and 
Florida 

The  entrance  is  bordered  on  the  north 
by  Cumberland  Island  and  on  the  south  by 
Amelia  Island.  Work  began  on  the  two 
jetties  in  1881  and  continued  until  they 
reached  their  present  form  in  1927 
(Parchure  1982).  The  north  jetty  is  5,980 
m  long  and  the  south  jetty  is  3,500  m  in 
length.  Since  their  construction,  sand 
has  accumulated  on  both  the  north  and 
south  sides  of  the  entrance. 

St.  Johns  River.  Florida 

The  initial  jetties  were  constructed 
between  1880  and  1895.  The  northern  jetty 
extended  3,500  m  seaward  from  Fort  George 
Island.  The  southern  jetty  extended  from 
Guano  Island  and  was  2,650  m  long.  Work 
continued  periodically  until  1951  when  the 
jetties  attained  lengths  of  4,430  and 
3,490  m,  respectively  (Pilkey  et  al  . 
1984).  The  jetties  have  interfered  with 
the  southward  transport  of  sand  and  have 
caused  severe  erosion  to  the  south  of  the 
inlet. 
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Ponce  de  Leon  Inlet,  Florida 

The  inlet  lies  between  barrier 
islands  on  which  are  located  Daytona  Beach 
to  the  north  and  New  Smyrna  Beach  to  the 
south.  Two  jetties,  approximately  1,250  m 
long,  were  built  between  1968  and  1972 
(Jones  and  Mehta  1978).  Their 
construction  has  stabilized  the  inlet,  but 
has  apparently  interrupted  the  northward 
movement  of  sediment.  Beaches  to  the 
north  have  eroded  while  those  to  the  south 
have  experienced  considerable  accretion. 

Natural  System  Counterparts 

There  are  few  natural  counterparts  to 
the  hard  substrate  provided  by  open  ocean 
jetties  in  the  South  Atlantic  Bight. 
However,  low  relief  rocky  outcrops  are 
found  in  the  nearshore  zone  at  a  small 
area  north  of  Cape  Fear  in  North  Carolina 
and  along  the  northern  half  of  the  South 
Carolina  coast.  Rock  outcrops  also  occur 
near  Marineland  in  northern  Florida 


(Stephenson  and  Stephenson  1972;  Searles 
1984).  In  sheltered  waters,  flora  and 
fauna  similar  to  those  of  artificial 
structures  are  found  on  submerged 
vegetation  (Thayer  et  al .  1984;  Keough  and 
Chernoff  1987),  oyster  reefs  (Wells  1961; 
Dame  1979)  and  shell  rubble. 

Other  Artificial  Structures 

Similar  organisms  are  also  found  on 
almost  any  hard  substrate  placed  in  the 
water,  including  pilings,  docks,  boats, 
and  refuse  such  as  cans  and  bottles. 
Indeed,  the  epifaunal  fouling  community  is 
renowned  for  the  trouble  it  causes  when 
growing  on  human  made  structures, 
particularly  boats.  Much  of  what  we  know 
about  the  invertebrate  community  comes 
from  studies  conducted  on  artificial 
settling  plates  (e.g.,  Sutherland  and 
Karlson  1977).  There  is  no  doubt  that  the 
activities  of  people  in  the  South  Atlantic 
Bight  have  increased  the  habitat  space  for 
these  epibenthic  organisms. 
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CHAPTER  2.  PHYSICAL  ENVIRONMENT 


This  chapter  characterizes  the 
physical  environment  of  the  South  Atlantic 
Bight.  The  physical  variables  most 
important  to  rubble  communities  include 
the  temperature  and  salinity  of  the  water, 
and  the  amount  of  available  light  and 
nutrients.  Water  movement  in  the  form  of 
currents,  tides,  and  waves  is  also 
important,  particularly  because  of  the  way 
it  affects  sediment  transport  along  the 
beach.  In  this  chapter  we  consider  each 
of  these  physical  variables  in  turn. 


2.1  TEMPERATURE  AND  SALINITY 

The  American  Atlantic  Temperate 
Region  extends  from  Cape  Cod,  MA,  to 
southern  Florida  (Gosner  1979).  Cape 
Hatteras  is  a  natural  biogeographic 
boundary  along  the  east  coast  dividing 
this  region  into  the  Virginian  province  in 
the  north  and  the  Carolinian  province  in 
the  south.  The  southern  boundary  of  the 
Carolinian  province  is  Cape  Canaveral. 
Thus,  the  Carolinian  province  coincides 
with  the  area  treated  in  this  profile. 

Cape  Hatteras  and  Cape  Canaveral  mark 
significant  temperature  transition  zones. 
In  the  northern  portion  of  the  Carolinian 
province  (North  Carolina)  water 
temperatures  can  exceed  30  °C  in  summer 
and  drop  to  0  °C  in  Winter  (Sutherland  and 
Karlson  1977;  W.  Kirby-Smith,  Duke 
University  Marine  Laboratory;  pers. 
comm.).  As  latitude  decreases,  winter 
temperatures  especially  are  gradually 
ameliorated.  In  central  Florida,  water 
temperatures  range  from  30  °C  in  summer  to 
14  °C  in  winter  (Mook  1980). 

In  this  profile  we  restrict  our 
attention  to  the  outer  coast  and  to  the 
sounds  and  estuaries  where  the  salinity 
generally  remains  above  20  ppt.  The  flora 


and  fauna  of  these  regions  are  basically 
marine. 


2.2  LIGHT  AND  TURBIDITY 

In  the  South  Atlantic  Bight,  tides, 
waves,  and  wind-generated  turbulence  re¬ 
suspend  bottom  sediments  in  the  shallow 
waters  on  the  Continental  Shelf.  This 
sediment  resuspension,  combined  with  high 
estuarine  and  nearshore  phytoplankton 
productivity,  produces  turbid  inshore 
waters  that  drastically  reduce  light 
penetration.  Reduced  light  penetration 
appears  to  be  the  major  factor  restricting 
plant  growth  to  the  shallow  portions  of 
most  jetties.  Figure  3  shows  the 
relationship  between  irradiance  and 
wavelength  taken  on  the  same  day  for 
different  depths  at  an  inshore  site  in 
Bogue  Sound,  NC  (the  turning  basin  at 
Morehead  City),  and  a  site  approximately  6 
km  offshore  from  Bogue  Sound.  As  can  be 
seen,  light  decreases  dramatically  with 
depth  in  nearshore  waters,  where  rubble 
structures  are  generally  located. 


2.3  NUTRIENTS 

Nutrient  conditions  surrounding 
jetties  are  important  because  they  affect 
the  growth  of  the  seaweeds  attached  to  the 
jetties  and  the  growth  of  phytoplankton  in 
the  overlying  waters.  These  phytoplankton 
are  consumed  by  benthic  filter  feeders  on 
the  jetties.  On  jetties  subject  to  strong 
wave  or  tidal  action,  plants  may  be 
minimally  affected  by  low  nutrients 
because  new  water  is  constantly  flowing  by 
and  because  turbulence  interrupts  the 
formation  of  diffusion  barriers  around  the 
seaweed  thallus.  Nitrogen  is  most 
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INSHORE  SITE,  BOGUE  SOUND,  N.C. 


6  km  SEAWARD  OF  BOGUE  SOUND,  N.C. 


(nm) 


Figure  3.  Irradiance  versus  wavelength  for  an  inshore  site  (left)  in  Bogue  Sound,  NC,  and  for  a  site  6  km  offshore 
(right).  The  numbers  on  each  line  indicate  depth  in  meters.  (Data  provided  by  R.  Forward,  Duke  University  Marine 
Laboratory.) 


commonly  the  nutrient  limiting  plant 
growth  in  coastal  waters.  In  summers,  the 
availability  of  dissolved  inorganic 
nitrogen  may  change  by  more  than  an  order 
of  magnitude  on  a  diel  cycle,  rising  at 
night  and  falling  dramatically  during  the 
day  as  it  is  consumed  during 
photosynthesis  (Litaker  et  al .  1987). 
Highly  productive  seaweeds  like  the  sea 
lettuce,  Ulya,  can  take  advantage  of  these 
nitrogen  spikes  by  rapidly  storing 
nitrogen  for  later  use.  Other  more 
massive  and  slower  growing  seaweeds  like 
Codi urn  do  not  have  this  ability  (Ramus  and 
Venable  1987),  but  may  gain  additional 
nitrogen  by  establishing  symbiotic 
associations  with  nitrogen  fixing  blue- 
green  algae  (Rosenberg  and  Paerl  1980). 


2.4  CURRENTS 

The  most  important  offshore  current 
in  the  region  is  the  Florida  Current, 
which  originates  in  the  Florida  Straits 
between  Florida  and  Cuba.  It  is  joined  by 
the  north  flowing  Antilles  Current,  which 
runs  along  the  outer  edge  of  the 
Continental  Shelf.  The  Florida  Current 
moves  offshore  at  Cape  Hatteras  to  become 
the  Gulf  Stream,  although  this  latter  name 
is  often  applied  to  the  Florida  Current  as 
well.  The  position  of  the  Florida  Current 
varies  seasonally.  In  the  summer  it  moves 
inshore,  bringing  warm,  clear  water  to  the 
shelf.  In  the  winter  it  is  driven 
offshore  by  northerly  winds.  When  this 
happens  cold  water  from  the  north  may  move 
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south  along  the  North  Carolina  coast  past 
Cape  Hatteras  (Gray  and  Cerame-Vivas  1963; 
Stefansson  et  al .  1971).  Inshore  currents 
south  of  Cape  Hatteras  are  variable. 
South-flowing  geostrophic  currents  are 
periodically  interrupted  by  inshore 
movement  of  the  Florida  Current,  which 
forces  a  northward  flow  (Bumpus  1973). 
However,  the  general  direction  of 
longshore  drift  is  from  north  to  south. 


2.5  TIDES  AND  WAVES 

The  mean  tidal  range  is  less  than  1.5 
m  along  the  coast  of  North  Carolina, 
increases  in  South  Carolina,  and  reaches  a 
maximum  of  2  m  in  Georgia  (Figure  4). 


South  of  Georgia  the  tidal  range  decreases 
again,  and  is  only  1  m  at  Cape  Canaveral, 
FL.  In  the  classification  of  Davies 
(1964),  the  South  Atlantic  Bight  is  micro- 
tidal  (tidal  range  <2  m)  along  the  North 
Carolina  coast,  meso-tidal  (tidal  range  >2 
and  <4  m)  in  southern  South  Carolina  and 
Georgia  and  micro-tidal  once  again  in 
central  Florida. 

Wave  height  varies  inversely  with 
tidal  range  (Nummedal  et  al .  1977).  Mean 
annual  wave  heights  range  from  1.7  m  at 
Cape  Lookout,  NC,  to  0.8  m  at 
Jacksonville,  FL.  The  inverse  relation 
of  tidal  range  and  wave  height  produces 
barrier  islands  and  tidal  inlets  of 
different  types.  This  is  discussed  in 
Chapter  5. 


2.6  SEDIMENTS 


Figure  4.  Mean  tide  level  and  mean  tidal  range  in  the 
South  Atlantic  Bight  (U.S.  Department  of  Commerce 
1987). 


Most  sand  found  on  the  beaches  in  the 
South  Atlantic  Bight  comes  from  the 
adjacent  Continental  Shelf  (Neal  et  al . 
1984).  It  is  pushed  up  to  the  beach  by 
fair-weather  waves.  Sand  is  carried 
laterally  by  longshore  currents  that  move 
in  the  surf  zone  parallel  to  the  beach.  In 
general,  this  movement  is  from  north  to 
south  in  the  South  Atlantic  Bight,  although 
this  can  be  reversed  by  a  variety  of  local 
factors.  Massive  relocation  of  sediments 
can  occur  during  hurricanes  and  winter 
storms,  called  northeasters.  This 
relocation  depends  on  the  interaction  of 
longshore  currents,  tides,  and  waves  and  is 
discussed  in  Chapter  5.  In  the 
Southeastern  United  States,  most  sediment 
carried  to  the  coast  by  rivers  is  deposited 
near  the  heads  of  estuaries  (Neal  et  al I. 
1984).  However,  some  of  this  sediment  is 
eventually  resuspended  by  wave  and  tidal 
action  and  is  moved  out  through  inlets  into 
the  longshore  sediment  transport  system. 
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CHAPTER  3.  COMMUNITY  DESCRIPTION 


Rubble-structure  communities  consist 
of,  and  interact  with,  a  wide  variety  of 
different  flora  and  fauna  including: 
plankton,  seaweeds,  invertebrates,  fishes, 
and  birds.  This  chapter  describes  the 
most  apparent  groups  of  organisms 
associated  with  rubble  structures  and, 
where  appropriate,  discusses  prominent* 
species  and  their  patterns  of  recruitment 
and  distribution.  Feeding  habits  and 
basic  natural  history  are  also  treated 
here.  Detailed  aspects  of  the  ecology  of 
these  organisms  and  communities  are 
discussed  at  length  in  the  following 
chapter  on  ecological  patterns  and 
processes. 


3.1  PLANKTON 

Both  phytoplankton  and  zooplankton 
serve  as  important  foods  for  benthic 
filter  feeders  and  for  some  juvenile 
fishes  on  jetties.  The  availability  of 
these  foods  may  change  on  time  scales  of 
hours,  days,  or  seasons  (Harris  1980; 
Litaker  et  al .  1987).  This  is  especially 
true  on  inlet  jetties,  which  are  affected 
by  oceanic  waters  at  high  tide  and  by  more 
productive,  estuarine  waters  at  low  tide. 
There  are  also  significant  seasonal  and 
diel  effects  caused  by  interactions  among 
rainfall,  evaporation,  terrestrial  runoff, 
and  diel  patterns  in  phytoplankton  growth 
(Litaker  et  al .  1987).  As  an  example,  in 
winter  the  estuarine  waters  behind  the 
Outer  Banks  of  North  Carolina  are 
dominated  by  riverine  inputs  because  of 
high  rainfall  and  low  evaporation. 
Growth-limiting  nitrogen  is  supplied  as 
nitrate  and  ammonium  by  runoff  from  the 
drainage  basin.  In  summer,  the  lower 
rainfall  and  higher  evaporation  rates 
cause  this  area  to  function  more  like  a 
lagoon.  Most  nitrogen  is  supplied  as 
ammonium  due  to  biological  regeneration. 


In  winter,  diel  changes  in  phytoplankton 
abundance  are  small.  In  summer,  an 
outgoing  tide  in  late  afternoon  can  have 
twice  the  abundance  of  phytoplankton  as  an 
outgoing  tide  in  early  morning  (Litaker  et 
al.  1987). 

Zooplankton  communities  are  composed 
of  permanent  zooplankters  (holoplankton) , 
such  as  copepods,  and  of  the  larvae  of 
benthic  organisms  (meropl ankton) , 
including  those  on  rubble  structures. 
There  are  large  fluctuations  in  density 
and  species  composition  of  holoplanktonic 
organisms.  These  are  due  to  seasonal  and 
diel  changes  in  temperature,  and  predation 
by  fish  and  other  zooplankters  (Fulton 
1983,  1985).  Fluctuations  in  the 

abundance  of  larvae  from  the  benthos  could 
be  affected  by  the  same  factors  but  will 
also  be  significantly  affected  by  the 
timing  of  larval  release. 


3.2  SEAWEEDS 
Community  Composition 

Most  of  the  South  Atlantic  Bight  is 
an  inhospitable  habitat  for  seaweeds 
because  of  the  large  expanses  of 
unconsolidated  sands,  silts,  and  muds  to 
which  most  seaweeds  cannot  attach. 
Natural  intertidal  rocks  are  rare, 
occurring  at  only  a  few  places  near  the 
border  between  North  and  South  Carolina, 
and  at  Marineland,  FL.  On  the  Continental 
Shelf,  there  are  outcrops  of  sedimentary 
rocks  that  start  just  south  of  Cape 
Hatteras  and  run  all  the  way  to  Florida. 
However,  most  of  these  outcrops  are 
covered  by  sediment  and  so  are  not 
available  for  attachment  by  seaweeds. 
Hard  substrates  that  are  available  for 
attachment  occur  most  abundantly  in  Onslow 
Bay,  NC,  and  on  the  coast  near  Palm  Beach, 
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FL  (Searles  1984).  Because  natural  hard 
substrates  are  rare  in  the  bight,  most 
seaweeds  are  attached  to  shell  fragments, 
other  algae,  seagrasses,  or  to  introduced 
substrates  such  as  seawalls,  jetties,  and 
docks. 

Between  Long  Island  Sound  and  Cape 
Hatteras,  there  are  approximately  150 
species  of  red  (Rhodophyta) ,  brown 
(Phaeophyta) ,  and  green  (Chi orophyta) 
seaweeds  (Searles  1984).  Between  Cape 
Hatteras  and  Cape  Canaveral ,  there  are 
approximately  320  species;  303  of  these 
are  known  from  North  Carolina  (Searles 
1984).  Ninety-five  species  occur  in  South 
Carolina  (Wiseman  and  Schneider  1976; 
Wiseman  1978;  Blair  and  Hall  1981),  81 
species  occur  in  Georgia  (Chapman  1971, 
1973;  Searles  1981,  1984),  and  only  43  are 
reported  in  Florida  north  of  Cape 
Canaveral  (Humm  1952).  However,  Humm 
(1952)  probably  underestimates  the  number 
of  species  in  the  area  since  234  species 
occur  between  Cape  Canaveral  and  Palm 
Beach  (Kerr  1976;  Eiseman  1976,  1979; 
Eiseman  and  Moe  1981;  Eiseman  and  Norris 
1981;  Hall  and  Eiseman  1981).  There  are 
several  reasons  why  North  Carolina  appears 
to  have  3  to  4  times  the  number  of  seaweed 
species  as  South  Carolina  or  Georgia. 
These  include  (1)  the  location  of  North 
Carolina  in  a  transitional  zone  between 
the  temperate  seaweeds  of  New  England  and 
the  tropical  seaweeds  of  the  Caribbean, 
(2)  the  greater  abundance  of  hard 


substrates  off  the  North  Carolina  coast, 
and  (3)  the  greater  number  of  seaweed 
specialists  that  have  investigated  the 
marine  flora  of  North  Carolina.  Because 
of  the  extensive  floristic  investigations 
conducted  in  North  Carolina  by  Searles, 
Schneider,  and  Kapraun  (Schneider  1976; 
Searles  and  Schneider  1978,  1980; 

Schneider  and  Searles  1979;  Kapraun  1980a, 
b,  1984;  Kapraun  and  Zechman  1982;  Searles 
1984),  the  seaweeds  of  this  area  are  much 
better  known  than  those  in  any  other  part 
of  the  South  Atlantic  Bight.  The  paucity 
of  data  from  other  regions  forces  us  to 
focus  most  of  our  discussion  on  the 
seaweeds  of  the  Carol  inas.  For  keys  and 
illustrations  of  seaweeds  of  the  South 
Atlantic  Bight,  see  Taylor  (1960)  and 
Kapraun  (1980a,  1984). 

The  seaweeds  growing  highest  in  the 
intertidal  zone  are  usually  blue-green 
algae  that  appear  as  a  darkly  colored  band 
on  the  rocks  (Figure  5).  The  most  common 
seaweeds  immediately  below  the  blue-green 
zone  are  usually  the  green  algae,  1)1  va, 
Enteromorpha.  and  Cl adophora.  and,  at 
times,  the  red  alga  Porphvra.  U1  va  and 
Enteromorpha  (Figure  6)  are  bright  green 
seaweeds  that  often  grow  intermixed.  They 
are  distinguished  primarily  on  the  basis 
of  frond  morphology.  U1  va  has  a  flat 
membranous  frond  composed  of  two  cell 
layers;  Enteromorpha  fronds  are  similar 
except  that  they  are  tubular,  at  least  in 
part.  Since  some  species  of  Enteromorpha 
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Figure  5.  Vertical  distribution  (L=IeveI  with  respect  to  Mean  Tide  Level)  of  the  20  most  abundant  sessile  species 
observed  at  north  jetty  stations  at  Murrells  Inlet,  SC.  Band  width  indicates  abundance  (Van  Dolah  et  al.  1984). 
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Figure  6.  The  common  green  seaweeds  (A)  Ulva ,  and 
(B)  Enteromorpha. 


have  broad  flat  blades  with  tubular 
morphology  only  along  the  margins  (i.e. 
superficially  like  Ulva) >  some  members  of 
this  genus  are  difficult  or  impossible  to 
distinguish  from  Ulva  without  a 
microscope.  In  culture,  some  Ulva  species 
produce  tubular  progeny,  suggesting  that 
distinctions  between  the  two  genera  are 
questionable.  Cl adophora  is  one  of  the 
most  common  genera  of  small  green 
filamentous  algae.  It  can  easily  be 
confused  with  a  number  of  other  algae  by 
nonspecialists.  The  red  alga  Porphyra  is 
Ulya-like  in  morphology  but  is  usually 
brown  to  purple  in  color. 


The  lower  intertidal  zone  is  usually 
occupied  by  a  mixed  species  group  of  red 
seaweeds  (Figure  5).  Several  small 
filamentous  forms  such  as  Pol vsiphonia. 
Herposiphoni a.  Audoui nel 1  a .  and 
Ervthrotrichi a  are  common,  but  these  are 
difficult  to  identify  without 
magnification.  Hypnea  musciformis  is  a 
very  common  larger  seaweed  with  bushy, 
cylindrical  branches  that  often  end  in 
fish-hook  like  tendrils  that  are  used  to 
attach  secondarily  to  other  seaweeds 
(Figure  7).  Like  many  of  the  red 
(Rhodophyta)  seaweeds,  it  may  be  deep 
green,  red,  straw-colored,  or  some 


Figure  7.  (A)  The  common  red  seaweed  Hypnea 
musciformis.  Its  hook-shaped  branch  tips  often 
facilitate  its  attachment  to  other  seaweeds.  (B)  shows 
a  close-up  of  a  Hypnea  tip  that  has  attached  around 
the  base  of  a  Sargassum  float. 
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combination  of  the  three.  Lomentari a  is  a 
rose  to  red-colored  plant  that  looks  like 
Hvpnea  but  does  not  have  recurved  tips. 
It  forms  densely  branched  creeping  mats, 
has  hollow  axes  except  at  the  bases,  and 
its  branchlets  tend  to  arch  back  toward 
the  main  axis.  Gracilaria  ti kvahi ae 
(formerly  (L.  folii feral  is  olive  green  to 
dark  red  and  has  flattened,  strap-like 
blades  with  pointed  tips  (Figure  8A) . 
Although  the  entire  plant  may  appear 
irregularly  bushy,  the  branches  along  each 
main  axis  all  branch  in  the  plane  of  the 
blade.  Rhodvmenia  pseudopalmata  is  rose 
to  red  in  color  and  has  strap  shaped, 
dichotomously  branching  blades  with 
rounded  tips.  It  usually  occurs  at,  or 
below,  the  low  tide  line.  Small,  wiry 
turfs  of  reddish-purple  to  brown  seaweeds 
in  the  genus  Gel idium  also  occur  in  this 
same  habitat. 

On  some  jetties,  green,  sponge-like, 
dichotomously  branching  algae  (Figure  8B) 
in  the  genus  Cod i urn  (commonly  called  dead 
man's  fingers)  are  common  at  this  low 
tidal  level.  In  North  Carolina,  jetties 
have  traditionally  supported  populations 
of  Codium  decorticatum  and  Codium 
isthmocladium.  Within  the  past  decade, 
the  introduced  species  Codium  fragile  has 
invaded  down  the  coast  from  New  England 
and  now  makes  up  a  substantial  portion  of 
the  Codium  biomass  on  local  jetties 
(Searles  et  al .  1984;  J.  Ramus,  Duke 

University  Marine  Laboratory,  Beaufort,  NC; 
pers.  comm.). 

Virtually  all  of  the  genera  and 
species  mentioned  above  also  occur  in  the 
shallow  subtidal  zone  during  some  times  of 
the  year  or  in  some  locations.  The 
distinction  between  intertidal  and 
subtidal  seaweeds  in  the  South  Atlantic 
Bight  is  not  always  clear  and  appears  to 
be  useful  only  during  some  times  of  the 
year  (Kapraun  and  Zechman  1982).  However, 
several  jetty  seaweeds  are  almost 
exclusively  subtidal . 

The  most  abundant  subtidal  seaweed  on 
jetties  along  much  of  the  coast  is  the 
brown  alga  Sarqassum.  It  has  a  wiry  main 
axis,  linear  leaves  with  midribs,  and 
stalked,  spherical  air  bladders  (Figure 
8C).  In  summer,  the  brown  seaweeds  Padina 
and  Dictvota  are  al  so  common .  Padina 
forms  a  fanshaped,  lightly  calcified  blade 


(Figure  8D);  Dictvota  has  membranous, 
dichotomously  branched  axes  that  are  brown 
to  golden  brown  in  color  (Figure  8E). 

Several  other  seaweeds  are 
occasionally  common  in  the  subtidal  zone 
including:  the  green  alga  Brvopsis;  the 
red  algae  Chondria  (Figure  8F), 
Call ithamnion,  Champi a,  Dasya, 
Hvpoql ossum.  Cal oni tophvl 1  urn,  and 
Grinnell ia;  and  the  brown  algae 
Ectocarous .  Punctari a,  and  Petal oni a . 
Given  the  difficulties  associated  with 
seaweed  identification,  readers  interested 
in  seaweeds  should  consult  Taylor  (1960) 
or  Kapraun  (1980a,  1984)  before  assigning 
a  name  to  any  seaweed  from  this  coast. 

Distribution 

When  researchers  study  algal 
communities  on  rubble  structures  in  the 
South  Atlantic  Bight  at  a  single  point  in 
time  (usually  summer),  they  often  describe 
distinct  patterns  of  zonation  based 
primarily  on  the  upper  limits  of  dominant 
species  (Hoyt  1920;  Williams  1949;  Earle 
and  Humm  1964).  When  Kapraun  and  Zechman 
(1982)  investigated  seasonal  patterns  of 
vertical  zonation  on  jetties  at  Masonboro 
Inlet,  NC,  they  noted  what  appeared  to  be 
relatively  distinct  intertidal  and 
subtidal  communities  in  the  summer,  but 
during  the  remainder  of  the  year  there  was 
no  clear  separation  of  communities  at  the 
low  tide  line.  During  winter  and  early 
spring,  so  called  intertidal  species  like 
Porphvra  carol i nens i s  and  Enteromorpha 
prol ifera  became  abundant  in  the  subtidal 
zone,  but  during  the  summers,  they 
retreated  back  to  the  intertidal.  Kapraun 
and  Zechman  (1982)  hypothesized  that  these 
changes  occurred  in  response  to  changing 
competitive  interactions  among  the  plants. 
However,  these  changes  are  also  consistent 
with  the  hypothesis  that  fish  grazing 
during  the  warm  portions  of  the  year,  when 
fishes  are  most  numerous,  exclude  these 
palatable  seaweeds  from  the  subtidal  zone. 
The  limited  available  data  suggest  that 
fishes  drive  several  palatable  seaweeds  to 
near  extinction  on  subtidal  portions  of 
jetties  in  the  summer  (Hay  1986). 
Additionally,  recent  work  in  outdoor 
microcosms  has  shown  that  Enteromorpha 
grows  year  round  in  the  subtidal  zone  if 
fishes  are  excluded  from  the  system  (Hay 
1986).  If  fishes  are  abundant, 
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Figure  8.  Some  common  seaweeds  on  jetties  in  the  South  Atlantic  Bight.  (A)  Gracilaria  tikvahiae ,  (B)  Codium 
sp.,  (C)  Sargassum  filipendula,  (D)  Padina  gymnospora,  (E)  Dictyota  dichotoma,  and  (F)  Chondria  sp. 
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Enteromorpha  is  driven  locally  extinct  in 
the  subtidal  zone  or  occurs  only  in  small 
refuge  areas. 

The  most  extensive  studies  of  the 
spatial  distributions  of  seaweeds  in  the 
bight  focus  on  the  distinctions  between 
nearshore  and  offshore  species  and  on  how 
they  are  distributed  north-to-south  along 
the  U.  S.  coastline  (Schneider  1975,  1976; 
Searles  and  Schneider  1980;  Searles  1984). 
Of  the  303  seaweeds  known  from  North 
Carolina,  approximately  two-thirds  occur 
in  shallow  coastal  habitats  and  are 
potential  residents  of  rubble  structures. 
Approximately  one-half  (109  species)  of 
the  204  species  found  in  shallow  water  are 
not  known  to  occur  in  deep  offshore 
waters.  Of  the  194  species  that  do  occur 
in  deep  offshore  waters,  approximately 
one-half  (108)  are  known  only  from  those 
depths.  About  one-third  (96  species)  of 
the  total  flora  have  been  collected  in 
both  shallow  and  deep  habitats. 

For  the  shallow  water  species,  21 
reach  their  northern  limit  and  27  reach 
their  southern  limit  of  distribution  in 
North  Carolina.  Within  North  Carolina, 
the  Cape  Lookout  jetty  appears  to  be  the 
northernmost  limit  in  the  intertidal  zone 
for  tropical  and  subtropical  seaweeds 
(Williams  1948;  Humm  1969;  Schneider 
1976).  The  Continental  Shelf  off  Cape 
Lookout  plays  a  similar  role  for  the 
offshore  seaweeds  (Schneider  1976).  A  few 
reach  the  southern  limit  of  their 
distribution  off  Cape  Lookout  (only  1%), 
but  many  (37%)  reach  their  northern-most 
limit  there.  This  indicates  the  more 
tropical  affinity  of  the  offshore  flora. 
Of  the  303  seaweeds  known  from  North 
Carolina,  44%  reach  their  northern  limits 
and  10%  reach  their  southern  limits  within 
the  State. 

In  the  Carol inas,  seasonal  changes  in 
the  occurrence,  abundance,  and 
reproduction  of  algal  species  can  be 
dramatic  (Schneider  1975,  1976;  Richardson 
1979,  1981,  1982;  Kapraun  and  Zechman 
1982;  Peckol  1982;  Peckol  and  Searles 
1983;  Van  Dolah  et  al .  1984).  In  a  study 
of  seaweeds  on  an  intertidal  jetty, 
Kapraun  and  Zechman  (1982)  noted  that  the 
red  algae  were  most  diverse  in  summer, 
brown  algae  were  most  diverse  in  winter, 
and  green  algae  were  relatively  aseasonal . 


They  also  suggested  that  there  were  three 
components  of  the  North  Carolina  algal 
community  they  studied:  1)  a  eurythermal 
cool -temperate  element  in  winter 
(comprising  37%  of  the  species  at  their 
site);  2)  a  eurythermal  tropical  element 
in  summer  (comprising  18%  of  the  species 
at  their  site);  and  3)  a  larger,  warm- 
temperate  element  that  occurred  year  round 
(comprising  45%  of  the  species  at  their 
site).  Schneider  (1975,  1976)  studied  the 
flora  of  the  Continental  Shelf  and  noted 
maximal  development  in  mid-summer.  The 
number  of  species  and  total  biomass 
decreased  in  fall,  reached  a  yearly  low  in 
winter,  and  then  increased  spring  through 
summer.  Ninety-nine  percent  of  all 
species  were  present  in  mid-summer,  59% 
were  present  in  the  fall,  and  only  33% 
were  present  in  the  winter. 

Successional  patterns  have  not  been 
adequately  documented  for  shallow  water 
seaweeds  in  the  bight.  Van  Dolah  et  al . 
(1984)  documented  the  summertime  abundance 
of  seaweeds  on  jetties  at  Murrells  Inlet, 
SC,  every  year  for  4  years  after 
construction.  Between  the  first  and 
second  year  there  was  an  increase  in  the 
number  of  algal  species  and  in  algal 
abundance.  Changes  between  the  second  and 
fourth  years  were  nondirectional . 


Patterns  of  Recruitment 

Seaweeds  may  recruit  via  various 
types  of  spores  or,  in  some  species,  by 
fragmentation  and  reattachment  of  adult 
portions  (Dixon  1965).  Given  the 
seasonally  changing  nature  of  the  flora  of 
the  South  Atlantic  Bight,  reinvasion 
following  seasons  of  inhospitable 
conditions  could  be  a  major  problem  for 
benthic  seaweeds.  Many  seaweeds  appear  to 
have  adapted  to  these  conditions  by 
persisting  throughout  unfavorable  periods 
as  stunted  forms  or  persistent  holdfasts; 
Saroassum  fil jpendul a.  Botrvocl adi a 
occidental  is.  and  Gracilaria  mammil laris 
do  this  in  Continental  Shelf  habitats 
(Schneider  1976).  Several  species  on 
shallow  jetties  in  the  bight  produce  early 
developmental  stages  that  are  capable  of 
withstanding  long  periods  of  unfavorable 
conditions.  This  phenomenon  has  been 
studied  in  greatest  detail  by  Richardson 
(1978,  1979,  1981,  1982). 
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On  the  jetty  at  Radio  Island,  NC,  the 
brown  seaweeds  Dictvota  dichotoma.  Padina 
qymnospora  (formerly  J\  vickersiae) .  and 
Dictvopteris  membranacea  overwinter  as 
early  developmental  stages  (Richardson 
1978).  Of  these  three  species,  Dictvota 
has  been  studied  in  greatest  detail 
(Richardson  1979).  Dictvota  is  visibly 
present  from  mid-April  to  December  and 
releases  propagules  continuously  during 
this  growing  season;  in  most  instances, 
these  spores  rapidly  germinate  and  grow 
into  mature  plants.  Neither  spore  release 
nor  attachment  are  affected  by  temperature 
or  photoperiod.  However,  germination  and 
establishment  are  temperature  dependent. 
Spores  cannot  germinate  in  winter. 
However,  if  there  is  an  initial  warm 
period  of  5-6  days,  the  spores  germinate 
and  the  resulting  sporlings  can  survive 
several  months  of  winter  conditions. 
Thus,  microscopic  sporlings  produced  at 
the  end  of  the  growing  season,  overwinter 
and  assure  the  continuation  of  the 
population  when  warmer  conditions  return. 

The  red  alga  Dasva  baillouviana  is 
apparent  on  the  jetty  between  February  and 
May  (i.e.,  the  opposite  of  the  pattern 
shown  by  Dictvotal .  In  April  or  May  it 
reproduces  and  disappears.  Like  Dictvota. 
it  persists  as  a  young  developmental  stage 
during  those  times  of  year  when  it  is  not 
evident  (Richardson  1981).  Each  winter,  a 
single  generation  of  plants  grows, 
reproduces,  and  releases  spores  that 
settle  but  do  not  develop  into  visible 
plants  until  the  following  growing  season. 
In  Cape  Cod,  D.  baillouviana  persists 
through  winter  as  a  sporeling  but  produces 
multiple  generations  during  its  growing 
season  (Sears  1971).  In  the  tropics, 
D.  baillouviana  grows  year  round  as  a 
visible  plant  (Mathieson  and  Dawes  1975). 

The  green  alga  Bryppsi s  pi umosa 
exhibits  a  pattern  somewhat  similar  to 
Dasva  and  Dictvota.  It  is  visibly  present 
from  January  until  May,  and  persists 
through  the  summer  and  fall  as  a  prostrate 
microthallus  stage  (Richardson  1982). 

Amsler  and  Searles  (1980) 
investigated  the  distribution  of  algal 
spores  in  a  20  m  water  column  30  km  off 
the  coast  of  North  Carolina.  Spores  of 
green  algae  were  distributed  throughout 
the  column  and  spores  of  bangiophycean  red 


algae  (the  simpler  red  algae  like 
Porphvra)  were  present  at  all  depths  but 
concentrated  in  greatest  abundance  near 
the  bottom.  Spores  of  brown  and 
fl orideophycean  red  algae  (the  more 
complex  red  algae  like  Hypnea  and 
Chondrial  occurred  almost  exclusively  near 
the  bottom.  Green  and  bangiophycean  red 
algae  tended  to  be  more  opportunistic  than 
brown  and  fl orideophycean  red  algae, 
suggesting  that  this  distribution  of 
spores  is  adaptive  in  that  it  allows  for 
wide  dispersal  of  the  opportunistic 
species  (carried  with  the  surface  curents) 
and  keeps  the  less  opportunistic  species 
near  habitats  where  the  parents  were 
successful . 


Epiphytic  Algae 

Several  species  of  algae  can  use 
other  seaweeds  as  substrates  for 
attachment  (Figure  7).  A  host  of  small 
algae  (diatoms,  filamentous  blue-green, 
red,  brown,  and  green  algae)  and  several 
larger  macrophytes  (such  as  Hypnea . 
Spvridia.  Enteromoroha.  Chaetomoroha.  and 
Dictvotal  commonly  occur  as  epiphytes. 
Growing  epiphytically  can  provide  a 
mechanism  for  circumventing  competitive 
exclusion  when  all  primary  substrate  is 
occupied  (Hay  1981a;  Hawkins  and  Harkin 
1985).  Epiphytes  may  also  avoid 
herbivorous  fishes,  which  visit  large 
unpalatable  plants  less  often  than  they  do 
smaller,  more  palatable  ones  (Hay  1986). 
Some  specialized  epiphytes  may  obtain 
nutrients  from  the  host  (Harlin  1973;  Goff 
1976). 


In  situations  where  consumption  by 
fishes  does  not  severely  reduce  their 
numbers,  small  crustaceans  that  graze 
epiphytes  can  occur  at  densities  of 
several  thousand/nr  in  stands  of 
macroalgae.  In  some  cases,  grazing  by 
these  small  crustaceans  can  keep  larger 
seaweeds  relatively  free  of  fouling 
epiphytes  (Brawl ey  and  Adey  1981a,  b) . 
These  highly  productive  epiphytes  are  very 
important  in  maintaining  the  high  density 
and  turnover  rate  of  small  crustaceans 
that  are  such  an  important  component  of 
the  diet  of  fishes  on  rubble  structures 
(see  later  sections). 
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3.3  INVERTEBRATES 

Community  Composition 

In  the  intertidal  zone,  sessile 
invertebrates  consist  largely  of 
barnacles,  oysters,  and  mussels  (Figure  9) 
(Stephenson  and  Stephenson  1952,  1972; 
Wood  1968;  Ortega  1981;  Van  Dolah  et  al . 
1984;  Fox  and  Ruppert  1985).  The  smallest 
barnacle  is  Chthamalus  fraoil is  (Figure 
9A) ,  which  is  white,  easily  destroyed  with 
a  fingernail,  and  has  no  calcareous  basal 
plate.  Other  barnacles  in  the  genus 
Bal anus  are  larger,  more  robust,  and  have 
calcareous  basal  plates.  EL.  improvisus  is 
white,  with  a  diamond  or  kite-shaped 
aperture  (Figure  9B).  JL.  trigonus  has  a 
similar  shaped  aperture,  but  the  shell 
plates  are  rough,  with  red  and  white 
coloration.  EL.  eburneus  is  white,  but  has 
a  pentagonal -shaped  aperture  (Figure  9C). 
EL  amphitrite  has  purple  stripes  on  the 
shell  plates.  In  the  south,  the  much 
larger,  solid-walled  barnacle,  Tetrad ita 
squamosa  v.  stalactifera,  becomes  common. 
Bivalves  are  represented  by  the  common 
oyster  Crassostrea  vi rgi ni ca .  and  the 
small  black  mussel  Brachidontes  exustus. 
which  forms  mats  (Figure  9D,  E). 

There  are  a  few  mobile  organisms  that 
are  intertidal,  including  the  large  isopod 
Lvqi a  exotica,  the  predatory  Atlantic 
oyster  drill,  Urosalpinx  cinerea  (Figure 
10E),  and  in  the  south,  the  siphonarid 
limpet  Siohonaria  pectinata.  Where  the 
structural  matrix  of  the  oyster  zone  is 
well  developed,  it  provides  a  habitat  for 
xanthid  crabs  such  as  Panopeus  herbsti i 
(Figure  10B). 

Mussels  and  oysters  are  generally 
absent  subtidally,  and  the  sessile  animal 
community  consists  of  sponges, 
coel enterates  (anemones  and  hydroids), 
bryozoans,  tunicates,  and  barnacles 
(McDougall  1943;  Maturo  1959;  Wells  et  al . 
1960,  1964;  Sutherland  1974,  1977,  1978, 
1981;  Sutherland  and  Karl  son  1977;  Karl  son 
1978;  Mook  1981,  1983a,  b;  Van  Dolah  et 
al .  1984;  Fox  and  Ruppert  1985).  Except 
for  the  absence  of  Chthamalus  fraqil is. 
the  barnacles  are  the  same  as  those  found 
in  the  intertidal  zone. 

One  of  the  most  common  sponges  is 
Microciona  prol ifera.  which  is  bright  red 


Figure  9.  Common  intertidal  invertebrates.  (A) 
Chthamalus  fragllls  (to  8  mm  diameter),  (B)  Balanus 
improvisus  (to  13  mm  diameter),  (C)  Balanus 
eburneus  (to  25  mm  diameter),  (D)  Crassostrea 
virginica  (to  150  mm  length),  and  (E)  Brachidontes 
exustus  (to  35  mm  length).  A,  B,  and  C  redrawn  from 
Lippson  and  Lippson  (1984),  D  and  E  redrawn  from 
Van  Dover  and  Kirby-Smith  (1979). 
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Figure  10.  Common  mobile  invertebrates.  (A)  Ampithoe  longimana  (to  10  mm  length),  (B)  Panopeus  herbstil 
(to  25  mm  length),  (C)  Asterias  forbesii (to  150  mm  diameter),  (D)  Arbacia  punctulata  (to  50  mm  diameter),  and 
(E)  Urosalpinx  cinerea  (to  25  mm  height).  All  redrawn  from  Van  Dover  and  Kirby-Smith  (1979). 


and  can  be  encrusting  or  erect  with 
finger-like  projections  (Figure  11C). 
Next  in  intensity  of  color  is  the  bright 
orange,  massively  encrusting  Xestospongia 
hal i chondrioides  .  Other  sponges  are 
rather  drab.  Mvcale  cecila  is  thinly 
encrusting,  slimy,  and  a  pale  yellowish 
green  or  yellowish  tan.  Hal ichondri a 
bowerbanki  assumes  a  variety  of  shapes, 
starting  as  low  encrustations,  but  often 
developing  a  mass  of  ridges  or  branches 
(Figure  11B).  It  is  straw  yellow,  beige, 
or  pale  orange  in  color.  A  number  of 
species  of  Hal iclona  (Figure  11A)  may  be 
found  which  are  difficult  to  tell  apart 
without  reference  to  spicules.  They  are 
generally  encrusting,  softly  spongy,  and 
gray,  tan,  or  pinkish  brown  in  color. 
Finally,  Lissodendorvx  isodictvalis  is  a 
thickly  encrusting  sponge  with  a  crisp 


consistency  and  is  blue-green  or  yellow- 
green  in  color.  When  broken  open  it  is 
said  to  smell  of  garlic.  Because  of  the 
variation  in  color  and  shape,  spicules 
should  be  examined  for  positive 
identification  (Wells  et  al .  I960). 

Tubularia  crocea  is  one  of  the  most 
conspicuous  hydroids,  forming  large  tufts 
of  long,  unbranched  stalks  topped  with 
pink  zooids  (Figure  12B).  Other  common 
hydroids  are  the  white,  delicate  Obel ia 
dichotoma.  Eudendrium  carneum  with  its 
intensely  orange  colonies,  and  Halocordvle 
disticha  (=Pennaria  tiarella).  which  has  a 
long  black  central  stalk  with  two  pinnate 
rows  of  side  branches  bearing  polyps 
(Figure  12A).  In  protected  waters 
Hvdractinia  echinata  forms  a  white,  fuzzy 
encrustation  over  the  substrate.  Other 
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Figure  11.  Common  sponges  (A)  Haliclona  sp. 
(colony  to  8  cm  wide),  (B)  Halichondrla  bowerbanki 
(colony  to  8  cm  high,  30  cm  wide),  and  (C)  Microciona 
prolifera  (colony  to  20  cm  high,  30  cm  wide).  All 
redrawn  from  Lippson  and  Lippson  (1984). 


common  coelenterates  are  the  large  sea 
whip  Leptogorgia  virqulata  (Figure  12C), 
the  small  stony  coral  Astrangia  danae.  and 
the  larger,  branching  coral  Ocul ina 
arbuscul a.  Anemones  include  Bunodosoma 
cavernata  which  is  large  and  warty, 
Aiptasia  pall ida  (Figure  12D),  which  is 
small  and  pale  brown,  and  Pi  adumene 
leucolena.  which  is  pale  and  translucent. 


The  most  abundant  foliose  bryozoan  is 
Bugula  neritina.  with  its  red-purple  bushy 
colonies  (Figure  13B).  EL.  stolonifera  is 
similar  in  morphology  to  (L.  neritina,  but 
white  in  color.  Anguine! la  palmata  is 
another  foliose  bryozoan  but  it  has  gray, 
nondescript  colonies.  Alcvonidium  hauffi 
is  a  gray-brown,  rubbery  bryozoan  often 
found  encrusting  the  stalks  of  other 
bryozoans  and  hydro ids.  There  are  two 
common  encrusting  bryozoans  that  can  be 
distinguished  largely  on  the  basis  of 
color;  white  colonies  are  probably 
Membranioora  tenuis  and  orange  colonies 
are  probably  Schizoporella  errata  (Figure 
13A) . 


Colonial  tunicates  are  also 
conspicuous  features  of  the  sessile  fauna. 
Eudi stoma  carol inense  forms  thick, 
irregular  sandy  encrustations,  while  its 
congener  Eudi stoma  heoaticum  is  purple  and 
liver-like.  Didemnum  candidum  forms  thin, 
pure  white  encrustations.  Cl avel ina 
oblonga  is  a  semicolonial  tunicate  with 
elongate,  clear,  colorless  zooids  that  are 
joined  together  only  at  the  base. 
Pi staol i a  bermudensi  s  comes  in  many 
colors--red,  orange,  and  purple--and  has 
relatively  large  zooids  embedded  in  the 
common  tunic.  The  individual  intake 
apertures  are  arranged  in  circles  around  a 
common  exhalent  opening.  ApI idi urn 
constel 1 atum  is  red-orange  to  white, 
hemispherical  and  looks  like  a  small  brain 
attached  to  the  rocks.  Its  congener  A^ 
stel latum  forms  whitish,  tough,  plate-like 
colonies  with  orange-red  zooids  arranged 
in  a  stellate  pattern  (Figure  14C).  Both 
are  called  "sea  pork"  by  local  fishermen. 
Perophora  viridi s  looks  like  small,  green 
grapes  connected  with  green  stolons  and  is 
often  found  in  the  canopy  of  other 
hydroids  and  bryozoans.  Pi  pi  osoma 
macdonaldi  forms  thin,  transparent  sheets 
which  contain  the  black  zooids.  Also  seen 
are  the  gold-purple-brown,  loose  blob-like 
rolls  and  lobes  of  Botrvllus  schlosseri . 
especially  in  North  Carolina.  In  South 
Carolina  and  northern  Florida  more 
tropical  forms  are  found,  such  as  the 
pinkish,  gelatinous,  encrusting  Svmplegma 
viride,  with  its  brightly  colored  zooids. 
Solitary  tunicates  are  represented  by  the 
gray  globes  of  Mol gul a  manhattensi s 
(Figure  14B),  the  tough,  wrinkled,  tan 
individuals  of  Stvel a  pi icata  (Figure 
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Figure  13.  Common  bryozoans.  (A)  Schizoporella 
errata  (colony  to  30  cm  wide),  and  (B)  Bugula  nerltina 
(to  12  cm  high).  Redrawn  from  Spitsbergen  (1980). 


14A),  and  the  pale  green  Ascldia 
interrupta. 

Large  motile  subtidal  invertebrates 
include  the  starfish  Asterias  forbesi i 
(Figure  IOC),  the  purple  sea  urchin, 
Arbacia  punctulata  (Figure  10D),  the  stone 
crab,  Menippe  mercenaria,  and  the  blue 
crab,  Cal  1 inectes  sapidus .  The  most 
common  crab  is  the  somewhat  smaller, 
orangish  mud  crab  Neopanope  savi .  Hermit 
crabs  are  represented  by  the  flat-clawed 
Paourus  pol 1 icari s ,  the  long-clawed 
Paaurus  lonaicarous.  and  the  much  larger 
Clibanarius  vittatus.  which  has  yellow 
stripes  on  the  walking  legs.  The  small, 
tube-building  gammarid  amphipods  Ampithoe 
(Figure  10A)  and  Corophium  spp.  are  common 
in  summer.  In  winter,  caprellid  amphipods 
(Caorella  spp.)  are  abundant.  Many  kinds 


B 


C 


Figure  14.  Common  tunicates.  (A)  Styela  plicata  (to 
13  cm  high),  (B)  Molgula  manhattensls  (to  4  cm  high), 
and  (C)  Aplidium  stellatum  (colony  to  >30  cm  wide).  B 
redrawn  from  Lippson  and  Lippson  (1984),  C  redrawn 
from  Gosner(1978). 


of  snails  are  present,  including  the 
small,  seed-shaped,  brown  lunar  dove 
snail,  Astvris  lunata,  the  larger  greedy 
dove  snail,  Anachis  avara,  the  sculptured 
top  snail,  Cal  1 iostoma  eugl yptum,  the 
Atlantic  oyster  drill,  Urosalpinx  cinerea 
and  the  Florida  rock  shell,  Thai s 
hemastoma  floridana. 
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Distribution 


On  exposed  jetties  the  supra! ittoral 
fringe  is  blackened  by  blue-green  algae, 
over  which  wanders  the  occasional  isopod 
Lygia  exotica  (Figure  5;  Van  Dolah  et  al . 
1984;  Fox  and  Ruppert  1985).  Below  this 
is  a  barnacle  zone,  usually  with 
Chthamalus  fraqil  i  s  occupying  the  highest 
levels  and  various  species  of  Bal anus  at 
lower  levels  (Figure  5).  Barnacles  can  be 
abundant,  approaching  100%  cover  (Ortega 
1981).  Below  the  barnacle  zone  at  mid- 
intertidal  levels,  is  a  zone  where  the 
oyster  Crassostrea  virqinica  reaches  its 
highest  abundance,  although  this  rarely 
exceeds  20%  cover  in  exposed  habitats 
(Figure  5;  Ortega  1981).  Below  the 
barnacle  and  oyster  zones  is  a  zone  with 
high  densities  of  the  mussel  Brachidontes 
exustus.  which  reaches  to  mean  low  water 
(Figure  5).  This  pattern  of  zonation  is 
found  with  minor  modifications  throughout 
the  South  Atlantic  Bight,  although  in 
northern  Florida  we  begin  to  see  a  more 
tropical  fauna.  Bal anus  spp.  give  way  to 
the  larger  barnacle  Tetrad ita  souamosa 
and  the  siphonarid  limpet  Siphonari a 
pectinata  becomes  abundant  in  the  mid- 
intertidal  zone  (Stephenson  and  Stephenson 
1972). 

A  similar  pattern  of  zonation  is  seen 
on  more  protected  rubble  structures  except 
that  the  lower  intertidal  zone  is 
dominated  by  the  oyster  Crassostrea 
virqinica  instead  of  the  mussel 
Brachidontes  exustus  (Ortega  1981). 

Subtidally,  our  information  is  biased 
towards  shaded  habitats  in  protected 
waters  of  North  Carolina,  where  most  work 
has  been  conducted.  The  hallmark  of  the 
shallow  subtidal  community  is  change.  In 
their  studies  at  Beaufort,  NC,  Sutherland 
and  Karl  son  (Sutherland  and  Karl  son  1977; 
Karl  son  1978;  Sutherland  1981)  found  that 
the  longevity  of  most  community  members 
was  less  than  a  year.  Few  species 
appeared  able  to  tolerate  the  entire  25  °C 
annual  temperature  range  at  Beaufort. 
Hydroids  and  tunicates  were  especially 
seasonal.  Short  life  spans  also 
contributed  greatly  to  seasonal  changes  in 
species  composition. 

Characteristically,  mature  benthic 
assemblages  were  invaded  by  the  tunicate 


Stvel a  pi icata  each  spring.  Small 
individuals  often  grew  epizootically  (on 
top  of  other  invertebrates)  and  after  a 
summer  of  rapid  growth  became  too  heavy 
for  their  attachment  sites.  S_^  pi icata 
commonly  sloughed  off  in  the  fall,  taking 
many  other  adhering  organisms  with  it. 
This  process  produced  bare  spaces  on  the 
substrate,  which  were  most  often  filled 
with  newly  recruiting  larvae.  Variations 
in  larval  recruitment  produced  winter 
assemblages  dominated  by  a  variety  of 
sponges,  hydroids,  and  bryozoans.  Summer 
assemblages  were  dominated  by  the  solitary 
tunicate  Sj_  pi  icata  and  the  foliose 
bryozoan  Buoul a  neri ti na  (Sutherland 
1981). 

With  increasing  depth,  annual  changes 
in  species  abundance  are  fewer  (Karl son 
1978).  Much  space  is  occupied  by 
relatively  long-lived  organisms  such  as 
the  hydroid  Hvdracti ni a  echinata.  the 
sponge  Xestosponqia  hal  ichondroides.  the 
anemone  Pi adumene  1 eucol ena  (Karl  son 
1978),  and  the  coral  Ocul ina  arbuscul urn 
(McCloskey  1970). 

In  the  South  Atlantic  Bight  near  Cape 
Canaveral,  FL,  annual  changes  in  species 
abundance  are  fewer  even  in  shallow  water 
assemblages  (Mook  1976,  1980,  1981, 

1983b).  Bal anus  spp.  and  the  tube 
building  amphipod  Coroohium  1  acustre 
dominate  these  communities  throughout  the 
year. 

Patterns  of  Recruitment 

When  substrate  has  been 
experimentally  cleared  (Ortega  1981)  or 
when  new  jetties  are  constructed  (Van 
Dolah  et  al .  1984),  the  general  pattern  of 
intertidal  zonation  is  restored  or  created 
by  recruitment  within  a  year.  Near 
Beaufort,  NC,  Ortega  (1981)  reports  most 
intertidal  recruitment  of  Bal anus  spp. 
during  summer  and  of  Crassostrea  virqinica 
and  Brachidontes  exustus  in  fall,  but  it 
is  unknown  whether  this  pattern  is  typical 
for  the  Atlantic  Bight.  Recruitment  of 
oysters  is  much  higher  in  protected  waters 
than  on  jetties  and  pilings  on  the  open 
coast,  while  the  reverse  is  true  for 
mussels  (Ortega  1981).  It  is  likely  that 
recruitment  is  lowest  from  January  to 
March  when  temperatures  are  minimal  (e.g. 
Sutherland  and  Karl  son  1977). 
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Most  studies  of  recruitment  patterns 
of  subtidal,  sessile  animals  (fouling 
organisms)  have  been  conducted  in  North 
Carolina  (McDougall  1943;  Maturo  1959; 
Wells  et  al .  1964;  Sutherland  and  Karl  son 
1977;  Sutherland  1981).  The  most 
extensive  study  is  that  of  Sutherland 
(Sutherland  and  Karl  son  1977,  Sutherland 
1981)  who  collected  data  at  Beaufort,  NC, 
for  6  1/2  years  (Figure  15).  Periods  of 
recruitment  for  11  common  species  show 
considerable  seasonality  because  of  the 
wide  annual  temperature  range  at  Beaufort. 
Some  species,  such  as  Hal  iclona, 
Hal i chondri a,  Tubul ari a.  Hal ocordyl e 
(=Pennaria),  and  Botrvllus,  recruited  only 
periodically.  Others  recruited 
predictably  each  year  (e.g., 
Schi zoporel 1  a.  Stvel a,  Ascidia,  and 
Crassostrea)  while  still  others  (e.g., 
Buoul a  and  Bal anus  spp.)  recruited  almost 
continuously  (Figure  15).  In  any  given 
year  recruitment  could  be  extremely 
variable  from  month  to  month,  resulting  in 
different  patterns  of  community 
development  on  newly  submerged  substrate 
(Sutherland  and  Karl  son  1977). 

Just  south  of  Cape  Canaveral ,  FL, 
similar  variation  in  patterns  of 
recruitment  has  been  observed  by  Mook 
(1976,  1980,  1983b)  even  though  the  annual 
fluctuation  in  temperature  there  is  less. 
Some  species  recruited  only  periodically, 
some  predictably  each  year,  and  some 
almost  continuously.  Organisms  that  were 
common  throughout  the  South  Atlantic  Bight 
tended  to  recruit  more  continuously 
throughout  the  year  (Mook  1976,  1980). 
Organisms  with  more  tropical  affinities 


recruited  primarily  during  the  warmer 
months. 


3.4  FISHES 

Community  Composition 

The  coastal  warm-temperate  fishes  of 
the  South  Atlantic  Bight  fluctuate 
seasonally  in  species  composition  and 
abundance  (Huntsman  and  Manooch  1978; 
Miller  and  Richards  1979;  Lindquist  et  al . 
1985;  Van  Dolah  et  al .  1986)  .  Most 

coastal  fishes  are  absent  in  winter  and 
gradually  return  to  inshore  habitats  as 
waters  warm  in  spring.  Fishes  found  on 
coastal  jetties  tend  to  be  a  subset  of 
those  found  on  inshore  oyster  reefs  and 
offshore  hard  bottoms.  These  fishes  can 
be  grouped  into  five  general  categories 
based  on  their  mobility,  need  for  benthic 
habitat  complexity,  and  seasonality  of 
jetty  occupancy.  The  first  group  consists 
of  a  limited  number  of  small  cryptic 
species,  such  as  those  in  the  blenny 
(Blenniidae)  and  goby  (Gobiidae)  families 
that  generally  do  not  move  over  large 
distances  and  are  dependent  upon  the 
structural  complexity  of  the  jetties. 
These  fishes  are  often  resident  year- 
round.  The  second  group  consists  of  a 
large  number  of  numerically  dominant 
species  such  as  pinfish,  Lagodon 
rhomboides,  spottail  pinfish,  Dipl odus 
holbrooki .  black  sea  bass,  Centropristis 
striata.  and  pigfish,  Orthooristis 
chrv soptera ,  that  are  abundant  during 
warmer  months  but  move  offshore  in  cold 
winter  months.  The  third  group  is  made  up 
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Figure  15.  Recruitment  periodicities  for  1 1  common  invertebrate  species.  Bars  indicate  when  recruitment  was 
observed  on  artificial  plates  exposed  for  1-4  weeks  (Sutherland  1981 ). 
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of  several  large  predatory  species  such  as 
bluefish,  Pomatomus  saltatrix.  and  Spanish 
mackerel,  Scomberomorus  macul atus.  that 
move  over  large  distances  but  are 
attracted  to  jetties  because  of  the 
increased  density  of  prey  that  occurs 
there.  The  fourth  group  contains  species, 
like  the  smooth  dogfish,  Mustelus  canis. 
that  are  attracted  to  jetties  during  their 
northerly  migration  in  spring  or  their 
southerly  migration  in  fall  (Van  Dolah  et 
al.  1984,  1986).  The  fifth  and  least 
important  group  contains  various  tropical 
fishes  (e.g.,  butterflyfishes  of  the 
family  Chaetodontidae  and  surgeonfishes  of 
the  family  Acanthuridae)  that  occur  as 
strays  during  the  warmest  months  of  the 
year.  Only  fishes  in  the  first  and  second 
groups  are  truly  residents  of  rubble 
structures. 

Although  the  fishes  of  the  South 
Atlantic  Bight  are  well  known  (Bohlke  and 
Chaplin  1968;  Dahlberg  1975;  Manooch  1984; 
Robins  et  al .  1986),  very  few  studies  have 
focused  specifically  on  the  fishes  using 
nearshore  rubble  structures.  Van  Dolah  et 
al  .  (1984,  1986)  conducted  extensive 
investigations  of  the  fishes  associated 
with  the  large  jetties  at  Murrells  Inlet, 
SC,  and  Lindquist  et  al .  (1985)  studied 
those  on  smaller  jetties  at  Masonboro 
Inlet,  NC.  Data  collected  by  Van  Dolah  et 
al .  (1984,  1986)  are  the  most  extensive 
presently  available  and  the  patterns  they 
document  agree  well  with  those  seen  on 
offshore  artificial  reefs  (Parker  et  al . 
1979;  M.  Hay,  pers.  obser.).  We  consider 
their  findings  to  be  broadly 
representative  of  the  patterns  that  occur 
on  most  jetties  in  the  South  Atlantic 
Bight.  During  their  investigations  at  the 
Murrells  Inlet  site,  Van  Dolah  et  al . 
(1984,  1986)  collected  93  species  of 
fishes  representing  43  families.  A  few  of 
the  most  common  species  are  discussed 
below.  For  illustrations  and  species 
descriptions  of  all  the  fishes  discussed 
in  this  text,  see  Robins  et  al .  (1986). 

The  smooth  dogfish,  Mustelus  canis. 
and  the  clearnose  skate,  Raia  eol anteria. 
are  often  abundant  near  jetties  during  the 
spring  when  they  are  migrating  from  deeper 
to  shallower  waters  or  from  southern  to 
more  northerly  waters.  The  clearnose 
skate  is  the  most  common  species  of  skate 
in  inshore  waters  between  Long  Island  and 


North  Carolina  and  grows  to  have  a  disc 
width  of  slightly  less  than  1  m  (Robins  et 
al .  1986).  It  feeds  primarily  on  fishes 
and  larger  crustaceans  (Hildebrand  and 
Schroeder  1928;  Van  Dolah  et  al .  1986) 

and,  as  its  name  suggests,  has  broad  clear 
areas  on  each  side  of  the  snout.  The 
smooth  dogfish  is  a  small  (up  to  1.5  m  in 
length)  shark  that  occurs  between  the  Bay 
of  Fundy  and  Uruguay.  It  has  several  rows 
of  small,  pavement-like  teeth  and,  like 
the  clearnose  skate,  feeds  on  larger 
crustaceans  and  small  fishes  (Hildebrand 
and  Schroeder  1928;  Van  Dolah  et  al . 
1986). 


Bluefish,  Pomatomus  saltatrix.  are 
found  between  Nova  Scotia  and  Argentina, 
although  they  are  rare  or  absent  in  the 
Caribbean.  During  the  spring  and  summer, 
they  are  common  in  coastal  areas  along  the 
South  Atlantic  Bight.  These  large  (up  to 
1.1  m  in  length  and  12  kg  in  mass) 
predators  form  aggregations  when  actively 
feeding  that  often  drive  schools  of  prey 
fishes  into  shallow  waters  near  swimming 
beaches.  On  such  occasions,  swimmers  and 
surfers  have  been  bitten.  Although 
bluefish  are  not  resident  on  jetties,  they 
often  feed  on  the  fishes  that  do  reside 
there  and  are  often  caught  by  anglers 
casting  from  jetties.  Bluefish  are 
primarily  piscivorous  but  may  also  consume 
nereid  worms,  crustaceans,  and  cephalopods 
(primarily  squids)  (Hildebrand  and 
Schroeder  1928;  Grant  1962;  Richards  1976; 
Gall  away  et  al .  1981;  Van  Dolah  et  al . 
1986). 


Other  common  piscivores  are  the 
Spanish  mackerel,  Scomberomorus  maculatus. 
and  the  conger  eel ,  Conger  oceanicus . 
Like  bluefish,  Spanish  mackerel  move 
widely  between  many  habitats  but  frequent 
jetties  to  feed  on  resident  jetty  fishes. 
They  attain  lengths  greater  than  80  cm, 
weigh  up  to  5  kg,  and  can  be  distinguished 
from  most  other  mackerel  by  the  many 
large,  dark  brown  and  brassy  spots  on 
their  sides.  The  conger  eel  is  dark  brown 
to  bluish  gray,  grows  to  a  size  of  2.3  m 
and  40  kg.  It  is  often  caught  by  anglers 
fishing  on  jetties,  docks,  or  piers  in  the 
mid-Atlantic  States  (Robins  et  al .  1986). 
Spanish  mackerel  and  conger  eels  occur 
between  Cape  Cod  and  the  Gulf  of  Mexico. 
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Three  sparid  fishes  are  common  on 
rubble  structures  in  the  South  Atlantic 
Bight:  the  pinfish,  Lagodon  rhomboides. 
the  spottail  pinfish,  Diolodus  hoi brooki , 
and  the  sheepshead,  Archosargus 
probatocephal us .  Darcy  (1985a,  b) 
reviewed  available  information  on  pinfish 
and  spottail  pinfish,  and  Ogburn  (1984) 
investigated  feeding  by  sheepshead  on  a 
North  Carolina  jetty.  Despite  the  common 
perception  that  herbivorous  fishes  are 
absent  from  temperate  communities  (Bakus 
1964,  1968;  Montgomery  1977,  1980;  Ogden 
and  Lobel  1978;  Montgomery  and  Gerking 
1980;  Hay  1981b;  Gaines  and  Lubchenco 
1982),  all  three  of  these  species  can 
consume  large  quantities  of  seaweeds  (Carr 
and  Adams  1973;  Adams  1976a;  Stoner  1980; 
Ogburn  1984;  Stoner  and  Livingston  1984; 
Hay  1986;  Hay  et  al .  1987,  1988)  and  may 

significantly  affect  the  structure  of 
benthic  seaweed  communities  (see  later 
sections).  In  addition  to  seaweeds, 
sheepshead  may  consume  significant 
quantities  of  bivalves  and  barnacles 
(Parker  et  al .  1979;  Van  Dolah  et  al . 
1984).  In  the  Carolinas,  spottail  pinfish 
and  pinfish  are  among  the  most  abundant 
species  on  jetties.  Sheepshead  are  common 
but  much  less  abundant  (Lindquist  et  al . 
1985;  Hay  1986;  Van  Dolah  et  al .  1986). 

Individuals  of  all  of  these  species 
tend  to  be  relatively  small  on  coastal 
rubble  structures  compared  to  the  larger 
individuals  that  occur  on  offshore  reefs. 
Young  individuals  appear  to  colonize 
jetties  in  early  spring,  grow  rapidly 
throughout  the  summer,  and  move  to  deeper 
offshore  areas  as  nearshore  waters  cool  in 
the  late  fall  (Darcy  1985a,  b;  Lindquist 
et  al .  1985;  Van  Dolah  et  al .  1986).  In 
the  Carolinas,  these  fishes  are  among  the 
major  prey  species  on  offshore  reefs. 
Their  inshore-to-offshore  migrations  may 
be  important  in  transferring  energy 
between  productive  inshore  and  deeper 
offshore  habitats  (Darcy  1985a,  b) . 
Pinfish  occur  between  Cape  Cod  and  the 
Yucatan.  Spottail  pinfish  are  found 
between  the  Chesapeake  Bay  and  the 
northern  Gulf  of  Mexico.  Sheepshead  are 
more  widely  distributed  and  occur  from 
Nova  Scotia  to  Brazil  (Robins  et  al  . 
1986). 

Pigfish,  Orthopristis  chrvsoptera. 
show  seasonality  and  migratory  patterns 


that  resemble  those  of  the  sparids 
discussed  above.  Near  Beaufort,  NC, 
offshore  migration  occurs  in  late  fall  or 
winter.  The  largest  individuals  are  the 
first  to  leave  and  the  first  to  return  in 
the  spring  (Hildebrand  and  Cable  1930). 
Since  individuals  returning  in  the  spring 
appear  to  be  in  poor  condition  due  to  the 
less  than  optimal  feeding  conditions 
offshore,  pigfish  probably  migrate  to 
avoid  low  temperatures  rather  than  to  seek 
better  feeding  grounds  (Darcy  1983). 
Pigfish  are  attracted  to  hard  substrate 
and  often  school  near  reefs  or  jetties 
(Hastings  1972).  They  are  generalist 
carnivores,  with  prey  size  and  type 
changing  as  a  function  of  age  (Hildebrand 
and  Cable  1930;  Carr  and  Adams  1973). 
Small  fish  feed  on  planktonic  crustaceans. 
Larger  fish  feed  on  small  fishes,  benthic 
crustaceans,  mollusks,  polychaetes,  and  a 
variety  of  other  invertebrates.  Pigfish 
occur  from  Massachusetts  to  the  Yucatan. 


Spot,  Leiostomus  xanthurus.  are 
popular  panfish  common  on  jetties  during 
the  spring  and  fall.  They  are  found 
between  Massachusetts  and  the  northern 
Gulf  of  Mexico,  and  eat  primarily 
bivalves,  decapods,  and  smaller 
crustaceans  (Adams  1976a;  Van  Dolah  et  al . 
1986). 


Both  black  sea  bass,  Centropri sti s 
striata,  and  tautog,  Tautoaa  onitis.  are 
abundant  predators  that  reside  on  coastal 
jetties.  Black  sea  bass  range  from  Maine 
to  the  northern  Gulf  of  Mexico.  Tautog 
occur  as  far  north  as  Nova  Scotia  but 
extend  southward  only  to  Georgia  (Robins 
et  al .  1986;  Gill i gan  1987).  Both  of 

these  species  are  commonly  taken  by 
hook  and  line  and  by  spear.  Lindquist  et 
al .  (1985)  and  Van  Dolah  et  al .  (1986) 
found  that  tautog  consumed  primarily 
jetty-associated  bivalves  and  crustaceans. 
Black  sea  bass  also  consume  considerable 
quantities  of  crustaceans,  but  the  major 
portion  of  their  diet  is  fish  and  they 
rarely  consume  bivalves.  Juvenile  black 
sea  bass  eat  a  mixed  diet  of  fish, 
decapods,  amphipods,  and  other  benthic 
invertebrates.  As  black  sea  bass  increase 
in  size,  the  proportion  of  fish  in  the 
diet  increases  consistently  (Van  Dolah  et 
al.  1986). 
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Oyster  toadfish,  Qpsanus  tau, 
skilletfish,  Gobiesox  strumosus,  seaboard 
gobies,  Gobiosoma  ginsburgi ,  crested 
blennies,  Hvpleurochilus  geminatus,  and 
feather  blennies,  Hvpsoblennius  hentzi., 
were  all  common  on  the  South  Carolina 
jetties  studied  by  Van  Dolah  et  al  . 
(1986).  These  fishes  are  cryptic  and  tend 
to  be  less  mobile,  and  thus  less  seasonal, 
than  the  other  fishes  common  on  rubble 
structures  in  the  South  Atlantic  Bight. 
They  appear  to  be  among  the  only  fishes 
that  overwinter  on  the  jetties  and  that  do 
not  migrate  seasonally  to  warmer  waters. 
Winter  densities  of  these  fishes  appear  to 
be  lower  than  densities  in  warmer  months. 
However,  this  could  be  a  sampling  artifact 
since  most  blennies  and  gobies  become 
inactive  and  shelter  in  crevices  at  low 
water  temperatures.  This  behavior  would 
increase  their  probability  of  being 
undersampled  during  the  winter. 

On  the  jetties  studied  by  Van  Dolah 
et  al .  (1986),  oyster  toadfish  ate 

primarily  fishes  (Atlantic  silverside, 
Menidi a  menidia.  menhaden,  Brevoorti a 
tvrannus ,  and  black  sea  bass)  and 
decapods.  Skilletfish,  blennies,  and 
seaboard  gobies  consumed  a  diet  of  mixed 
invertebrates. 

The  skilletfish  is  the  only  clingfish 
on  the  U.S.  coast  that  occurs  north  of 
Florida,  its  range  extending  from  New 
Jersey  to  Brazil.  Oyster  toadfish  occur 
between  Cape  Cod  and  Florida.  Because  of 
their  size  and  hardiness  (ability  to 
withstand  pollution  and  other  stresses), 
they  have  become  important  experimental 
and  bioassay  organisms.  Seaboard  gobies 
occur  from  Massachusetts  to  Georgia, 
feather  blennies  from  New  Jersey  to  Texas, 
and  crested  blennies  from  North  Carolina 
to  Texas  (Robins  et  al .  1986). 

Large  schools  of  Atlantic 
silversides,  Menidia  menidia.  sometimes 
aggregate  over  shallow  portions  of  jetties 
and  consume  the  epifaunal  amphipods  that 
occur  there  (Van  Dolah  et  al .  1986). 

Since  Atlantic  silversides  are  typically 
found  along  sandy  shore  lines  and  at  the 
mouths  of  inlets,  their  occasional 
association  with  jetties  is  more  likely 
explained  by  the  location  of  jetties  at 
inlet  mouths  than  by  their  attraction  to 
the  jetties  themselves.  Atlantic 


silversides  occur  from  the  Gulf  of  St. 
Lawrence  to  the  northeastern  coast  of 
Florida  (Robins  et  al .  1986).  In  addition 
to  epifaunal  amphipods,  they  consume  other 
small  benthic  and  planktonic  crustaceans, 
polychaetes,  bivalves,  and  juvenile  fishes 
(Hildebrand  and  Schroeder  1928;  Adams 
1976a;  Bengston  1984;  Van  Dolah  et  al . 
1986). 

Distribution 

The  species  composition  of  large, 
noncryptic  fishes  on  shallow  rubble 
structures  is  similar  to  the  community 
composition  seen  on  natural  and  artificial 
reefs  that  occur  offshore  in  the  South 
Atlantic  Bight  (Parker  et  al .  1979;  Van 
Dolah  et  al .  1984;  Sedberry  and  Van  Dolah 
1984;  Lindquist  et  al .  1985;  Van  Dolah  et 
al .  1986).  However,  inshore  jetties  tend 
to  have  a  lower  diversity  of  species  than 
natural,  offshore  reefs.  Also  the  size  of 
individual  fishes  tends  to  be  smaller  on 
jetties  (Buchanan  1973;  Van  Dolah  et  al . 
1986;  Wenner  et  al  1986),  suggesting  their 
role  as  nurseries. 

When  rubble  structures  such  as 
jetties  are  constructed,  they  are  very 
rapidly  colonized  by  fishes.  The  seasonal 
nature  of  the  inshore  fish  fauna  obscures 
successional  patterns  in  fish  community 
structure  on  new  jetties,  if  such  patterns 
occur  (Hastings  1979;  Van  Dolah  et  al . 
1984;  Lindquist  et  al .  1985).  The  rapid 
movement  of  fishes  onto  newly  constructed 
jetties  suggests  that  they  are  initially 
attracted  by  the  increased  structural 
complexity,  which  provides  shelter  from 
predators.  However,  gut  content  analyses 
of  common  jetty  fishes  such  as  black  sea 
bass,  pinfish,  spottail  pinfish, 
sheepshead,  spadefish  (Chaetodipterus 
faber),  tautog,  grunts  (Haemul idae) ,  and 
flounder  (Bothidae)  show  that  they  soon 
come  to  rely  on  jetty-associated  fauna  as 
a  food  source  (Ogburn  1984;  Van  Dolah  et 
al.  1984,  1986;  Lindquist  et  al .  1985). 
When  Lindquist  et  al .  (1985)  compared  the 
fishes  associated  with  a  new  jetty  (1  year 
old)  to  an  older  one  (15  years  old)  at 
Masonboro  Inlet,  NC,  they  found  few 
significant  differences  in  species' 
densities.  Pigfish  and  sheepshead  were 
more  abundant  on  the  new  jetty  but  it  is 
possible  that  differences  other  than  jetty 
age  caused  these  patterns.  On  North 


24 


Carolina  jetties,  differences  in  fish 
populations  on  old  versus  new  jetties  and 
on  ocean  versus  inlet  sides  of  jetties 
appear  to  be  small  compared  to  the  major 
differences  in  spatial  use  patterns 
observed  over  depth  gradients  (Lindquist 
et  al .  1985).  Of  the  nine  abundant 
species  studied  by  Lindquist  et  al . ,  six 
were  significantly  more  abundant  at  a 
depth  of  2  m  than  at  4  m  (pinfish, 
spottail  pinfish,  sheepshead,  pigfish, 
bluefish,  and  round  scad,  Decapterus 
punctatusl .  one  was  more  abundant  at  4  m 
(black  sea  bass),  and  two  showed  no 
significant  changes  in  abundance  between 
these  depths  (tautog  and  spot).  Van  Do! ah 
et  al.  (1986)  noted  similar  patterns  for 
several  of  these  species  on  the  South 
Carolina  jetties  they  studied;  our 
experience  with  the  North  Carolina  jetties 
at  Cape  Lookout,  Shackleford  Banks,  and 
Radio  Island  suggests  that  these  patterns 
occur  on  those  jetties  as  well. 

The  abundance  of  sparid  fishes 
(pinfish,  spottail  pinfish,  and 
sheepshead)  is  known  to  be  positively 
correlated  with  vegetation  cover.  Stoner 
(1980b)  demonstrated  a  very  high 
correlation  (r  =  0.998,  p  <  0.01)  between 
pinfish  abundance  and  macrophyte  biomass 
in  seagrass  beds.  Other  authors  have  made 
similar  observations  (Caldwell  1957;  Kilby 
1955;  Schwartz  1964).  It  appears  that  the 
sparids  are  abundant  in  shallow  areas 
because  of  the  increased  abundance  of 
seaweeds.  Seaweeds  are  fed  on  directly 
and  also  support  populations  of  small 
crustaceans  that  are  another  important 
component  of  the  sparid  diet  (Ogburn  1984; 
Darcy  1985a,  b) .  Pelagic  sport  fishes, 
such  as  bluefish  and  Spanish  mackerel,  may 
be  attracted  to  these  shallower  depths 
because  of  the  increased  abundance  of 
sparids  and  other  prey. 

As  mentioned  earlier,  large  seasonal 
changes  occur  in  the  species  composition 
and  abundance  of  fishes  on  rubble 
structures  in  the  South  Atlantic  Bight. 
Numerous  studies  suggest  that  most  of 
these  changes  are  driven  by  the  need  of 
fishes  to  avoid  the  colder  inshore  water 
temperatures  that  occur  in  winter 
(Huntsman  and  Manooch  1978;  Miller  and 
Richards  1979;  Parker  et  al .  1979; 

Lindquist  et  al .  1985;  Van  Dolah  et  al . 
1986).  Even  though  these  seasonal 


temperature  changes  are  less  pronounced  at 
lower  latitudes,  the  same  general  patterns 
of  offshore  or  southerly  migrations  appear 
to  occur  throughout  the  entire  South 
Atlantic  Bight.  As  an  example,  pinfish 
and  spottail  pinfish  undergo  similar 
patterns  of  seasonal  migration  in  both 
North  Carolina  and  Florida  (Adams  1976b; 
Stoner  and  Livingston  1984;  Darcy  1985a, 
b). 

Seasonal  patterns  of  abundance  on 
jetties  in  the  bight  have  been  studied 
most  extensively  on  the  jetties  at 
Murrells  Inlet,  SC  (Van  Dolah  et  al .  1984, 
1986).  Abundance  and  community 
composition  of  fishes  frequenting  these 
jetties  were  assessed  quarterly  using  gill 
nets,  visual  observations,  crab  traps 
modified  to  retain  small  fishes  (6.4  mm 
mesh),  unmodified  crab  traps,  and 
qualitative  rotenone  collections.  Gill 
nets  were  run  from  the  jetty  to  a  distance 
of  23  m  away  from  the  jetty  to  sample  not 
only  resident  jetty  fishes,  but  also 
pelagic  predators  preying  on  these  fishes. 
Crab  traps  were  deployed  on,  or  very  near, 
the  jetties  and  thus  assessed  jetty  fishes 
that  would  enter  traps.  Visual  counts  by 
divers  provided  an  additional  assessment 
of  noncryptic  jetty  fishes  that  may  not 
have  been  adequately  sampled  by  the  other 
techniques.  The  qualitative  rotenone 
collections  allowed  a  crude  assessment  of 
small  cryptic  species  like  blennies  and 
gobies.  Rotenone  is  a  toxin  that  stresses 
small  fish,  causing  them  to  leave  their 
cryptic  habitats  and  swim  into  the  open 
water  where  they  can  be  collected. 

Data  from  these  studies  are  shown  in 
Table  1  and  in  Figures  16-25.  Most  of 
these  data  are  reported  in  the  literature, 
and  thus  in  our  tables  and  figures,  without 
an  indication  of  the  variance  (Van  Dolah  et 
al .  1984,  1986).  Me  have  included 

measurements  of  variance  where  they  exist. 
The  only  other  available  studies  dealing 
with  fishes  on  jetties  in  the  bight  (Ogburn 
1984;  Lindquist  et  al .  1985;  Hay  1986)  are 
less  extensive  but  show  similar  patterns. 


The  total  number  of  fish  species  seen 
in  visual  counts,  or  collected  using  gill 
nets  or  modified  crab  traps,  was  highest 
during  warmer  seasons  of  the  year  and 
decreased  markedly  in  winter  (Table  1). 
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Table  1.  Number  of  fish  species  collected  or  counted 
during  different  seasons  on  the  jetties  at  Murrells  Inlet, 
SC  (data  from  Van  Dolah  et  al.  1986). 


Method 

Spring 

Summer 

Fall 

Winter 

Visual 

transects 

11 

24 

22 

1 

Gill  nets 

25 

34 

25 

6 

Modified 

crab  traps 

7 

5 

3 

2 

Unmodified 

crab  traps 

11 

9 

8 

7 

Rotenone 

13 

11 

12 

9 

Spring  Summer  Fall  Winter 


Figure  18.  Unmodified  crab  trap  collections  from  the 
north  jetty  at  Murrells  Inlet,  SC.  Plotted  are  the  total 
number  and  mass  of  fishes  collected  during  each 
season  using  15  traps  set  for  a  period  of  12  daytime 
and  1 2  nighttime  hours  during  each  season  (data  from 
Van  Dolah  etal.  1986). 
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Figure  16.  Gill  net  collections  from  jetties  at  Murrells 
Inlet,  SC.  Plotted  are  the  totals  from  three  nets 
deployed  for  3-hour  set  periods  during  each  season. 
One  end  of  the  30.5  m  long  net  was  set  on  the  jetty;  the 
other  end  was  about  23  m  from  the  jetty  (data  from  Van 
Dolah  etal.  1986). 
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Figure  17.  Diver  observations  of  the  seasonal 
abundance  of  common  fishes  on  the  jetties  at  Murrells 
Inlet,  SC.  Plotted  are  the  totals  from  ten  5-min  counts 
in  each  season  (data  from  Van  Dolah  et  al.  1986). 


Figure  19.  Modified  crab  trap  (covered  with  6.4  mm 
mesh  to  retain  small  fishes)  collections  from  the  base 
of  jetties  at  Murrells  Inlet,  SC.  Plots  show  means  ±  1 
standard  error  for  14  traps  that  were  set  for  3  hours 
during  each  season  (data  from  Van  Dolah  et  al.  1986). 
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Figure  20.  Rotenone  collections  from  the  jetties  at 
Murrells  Inlet,  SC.  Plotted  are  the  total  number  of 
fishes  in  a  single  qualitative  collection  made  during 
each  season  (data  from  Van  Dolah  et  al.  1986). 
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Scomberomorus  maculatus 


Figure  21.  Seasonal  abundance  of  common  fishes  captured  In  gill  nets  set  near  jetties  at  Murrells  Inlet,  SC. 
Histograms  show  the  totals  from  3  nets  set  for  3  hours  during  each  season  (data  from  Van  Dolah  et  al.  1986). 


Lindquist  et  al .  (1985)  also  found  a 
significant  correlation  between  the  mean 
number  of  species  observed  each  month 
(counted  in  visual  transects)  and  water 
temperature  (r  =  0.82,  p  <  0.01).  Van 
Dolah  et  al.'s  (1986)  collections  from 
unmodified  crab  traps  and  by  rotenone 
indicated  that  species  number  was  at  a  low 
in  the  winter,  but  the  relative  change  was 
slight  compared  to  that  of  the  other 
collection  methods  (Table  1).  Figures  16- 
20  show  seasonal  change  in  the  total 
number,  and  in  some  cases  total  mass,  of 
fishes  collected  by  each  method.  All  of 
these  show  large  decreases  in  the  winter 


even  though  unmodified  crab  traps  and 
rotenone  collections,  again,  tended  to 
show  smaller  relative  reductions  than  did 
the  other  collection  methods.  Rotenone 
collections  focused  primarily  on  small 
blennies  and  gobies  that  are  probably  less 
able  than  the  larger  species  to 
successfully  make  the  long  offshore 
migration  to  deeper  water.  Reasons  for 
the  reduced  seasonal  variation  in 
unmodified  crab-trap  collections  are  less 
apparent. 

Figures  21-25  show  seasonal  patterns 
of  abundance  for  the  most  common  species 
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Figure  22.  Seasonal  abundance  of  common  fishes  observed  by  divers  on  the  jetties  at  Murrells  Inlet,  SC. 
Histograms  show  the  totals  from  ten  5-mln  counts  during  each  season  (data  from  Van  Dolah  et  al.  1986). 


assessed  by  each  of  the  methods  discussed 
above.  All  species  show  peak  abundances 
in  spring,  summer,  or  fall  and  are  absent 
or  relatively  rare  in  winter. 

Feeding  Patterns  of  Fishes  On  and  Near 
Jetties 

Three  studies  have  investigated 
feeding  by  fishes  on  jetties  in  the  South 
Atlantic  Bight.  Ogburn  (1984)  quantified 
the  gut  contents  of  sheepshead  collected 
from  jetties  at  Masonboro  Inlet,  NC,  and 


Lindquist  et  al .  (1985)  investigated 

feeding  by  sheepshead,  pinfish,  spottail 
pinfish,  and  tautog  on  this  same  jetty. 
Van  Dolah  et  al.  (1986)  have  provided  the 
broadest  data  base  on  this  topic.  They 
quantified  the  gut  contents  of  55  fish 
species  captured  near  Murrells  Inlet,  SC. 
Table  2  shows  their  findings  for  those 
species  and  seasons  where  at  least  three 
individuals  that  contained  food  were 
examined.  About  half  of  the  species 
examined  fed  primarily  on  jetty  biota 
during  one  or  more  seasons.  Sheepshead, 
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Opsanus  tau 


Figure  23.  Seasonal  abundance  of  common  fishes  captured  in  unmodified  crab  traps  deployed  on  the  north 
jetty  at  Murrells  Inlet,  SC.  Histograms  show  the  totals  from  15  traps  set  for  12  hours  during  the  day  and  12  hours 
during  the  night  for  each  season  (data  from  Van  Dolah  et  al.  1986). 


black  drum  (Poaonias  cromis).  tautog,  and 
spadefish  were  among  the  important 
recreational  fishes  that  fed  almost 
exclusively  on  jetty  biota.  Other 
important  recreational  fishes,  such  as 
bluefish,  black  sea  bass,  spotted  seatrout 
(Cvnoscion  nebolosus) ,  red  drum  (Sciaenops 
ocellatus) .  Spanish  mackerel,  and  weakfish 
(Cvnoscion  regal  is) .  were  indirectly 
dependent  on  the  jetty  since  they  fed 
heavily  on  smaller  fishes  that  directly 
consumed  jetty  biota  (Van  Dolah  et  al . 
1986) . 

Patterns  of  Recruitment 

The  general  pattern  of  larval 
recruitment  seen  for  most  reef  fishes  in 
the  South  Atlantic  Bight  is  that  large 
numbers  of  juveniles  invade  reefs, 
jetties,  or  estuaries  starting  late  in  the 
winter  and  continuing  throughout  the 
summer  (Hildebrand  and  Cable  1930;  Wang 
and  Raney  1971;  Hoss  1974;  Thayer  et  al . 
1974;  Adams  1976b;  Parker  et  al .  1979; 
Bozeman  and  Dean  1980;  Van  Dolah  et  al . 
1986).  In  our  experience  with  jetties  in 


North  Carolina,  it  appears  that  jetties  on 
the  outer  coast  are  colonized  in  the 
spring  by  both  adults  and  juveniles,  while 
jetties  in  the  sounds  are  colonized 
primarily  by  juveniles. 


Jetties  as  Concentrated  Nurseries 

Jetties  often  harbor  high  densities 
of  young  fishes  that  typically  live  on 
offshore  reefs  as  adults.  Pinfish, 
spottail  pinfish,  black  sea  bass, 
sheepshead,  spadefish,  and  gag 
(Mvcteroperca  mi crol epi s)  all  provide 
examples  of  this.  For  these  fishes 
jetties  obviously  serve  as  nurseries, 
providing  both  feeding  sites  and  the 
structural  complexity  necessary  for 
avoiding  predators.  These  fishes  can  be 
very  dense  on  jetties  (Figure  26); 
spottail  pinfish  can  occur  at  8/nr  (Hay 
1986).  However,  the  extremely  small  area 
covered  by  rubble  structures  compared  to 
the  immense  stretches  of  sandy  beaches  and 
estuarine  habitats  in  the  bight,  suggests 
that  rubble  structures  cannot  be  having  a 
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Table  2.  The  gut  contents  (%  volume)  of  fishes  collected  on,  or  near,  the  jetties  at  Murrells  Inlet,  SC.  Data  are  from  Van  Dolah  et 
(1986).  Included  are  those  species  and  seasons  in  which  at  least  three  individuals  containing  food  were  examined. 
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Schwartz  &  Dutcher  1963 


Figure  24.  Seasonal  abundance  of  common  fishes  captured  in  modified  crab  traps  at  Murrells  Inlet,  SC. 
Histograms  show  the  total  numbers  captured  In  24  traps  set  for  3  hours  during  each  season  (data  from  Van 
Dolahetal.  1986). 


significant  effect  on  the  regional  community.  The  guilds  include:  (1) 
abundance  of  these  species.  surface-searching  shorebirds,  (2)  aerial  - 

searching  birds,  (3)  floating  and  diving 
water  birds,  and  (4)  wading  birds  (Table 
3.5  BIRDS  3).  Surface-searching  shorebirds  feed 

primarily  on  crustaceans,  polychaetes, 
Community  Composition  barnacles,  molluscs,  and  insects.  The 

most  common  shorebird  is  the  ruddy 
A  great  variety  of  birds  in  the  South  turnstone,  Arenari a  interpres.  When 

Atlantic  Bight  use  rubble  structures  as  feeding  on  jetties  it  is  often  found  in 

loafing  or  roosting  sites.  However,  birds  groups  of  100  or  more  (C.  Marsh;  pers. 

in  a  few  ecological  categories,  or  comm.).  Purple  sandpipers,  Cal idris 

"guilds",  feed  on  or  near  jetties  and  can  maritima.  are  also  occasionally  abundant, 

be  considered  part  of  the  rubble  structure  in  flocks  of  40-50.  Both  the  ruddy 
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Hypleurochilus  geminatus 


Spring  Summer  Fall  Winter 


Figure  25.  Seasonal  abundance  of  common  fishes  in  rotenone  collections  at  Murrells  Inlet,  SC.  A  single 
collection  was  taken  each  season  (data  from  Van  Dolah  et  al.  1986). 


turnstone  and  the  purple  sandpiper  use 
rocks  and  jetties  as  their  primary  feeding 
habitats.  Other  shorebirds  use  them  only 
on  occasion,  feeding  on  surrounding 
mudflats  and  seagrass  beds  as  well 
(Peterson  and  Peterson  1978;  Thayer  et  al . 
1984). 

Aeri al -searchi ng  birds  include  a 
group  of  sea  gulls  (Table  3)  which  are 
opportunistic  consumers  of  "anything  they 
can  get  off  the  rocks"  (C.  Marsh;  pers. 
comm.).  This  includes  molluscs, 
crustaceans,  fish,  insects,  carrion,  and 
refuse.  The  most  common  bird  in  this 
group  is  the  herring  gull,  Larus 
aroentatus .  Brown  pelicans,  Pel ecanus 
occidental  is  and  a  variety  of  terns  are 
also  frequently  seen  roosting  on  rubble 
structures,  but  generally  do  not  use  them 
as  feeding  sites  (J.  Parnell;  pers. 
comm. ) . 

The  guild  of  floating  and  diving 
water  birds  is  composed  largely  of  a  group 


of  sea  ducks  (Table  3).  Most  of  these  are 
strong  underwater  swimmers  and  feed  on 
echinoids  (sand  dollars)  and  bivalves 
(clams,  and  scallops)  found  on  sandy 
bottoms  near  jetties.  The  surf  scoter, 
Melanitta  oerspicillata.  is  a  particularly 
capable  diver,  attaining  depths  of  12  m  or 
more.  Fish  are  also  taken  by  birds  in 
this  group,  especially  by  the  double- 
breasted  cormorant,  Phalacrocorax  auritus. 
The  American  wigeon,  Anas  americana,  does 
not  dive;  it  is  a  surface  dabbler,  feeding 
primarily  on  algae  and  seagrasses. 

Wading  birds  (Table  3)  are  commonly 
found  only  near  rubble  structures  built  in 
estuaries  away  from  severe  wave  action. 
In  these  quiet,  shallow  waters  they  can  be 
seen  feeding  on  small  fishes  and  crabs. 

Distribution 

Most  shorebirds  that  make  use  of 
jetties  breed  in  the  Arctic  during  dune 
and  July  (Johnsgard  1981;  Farrand  1983a). 
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Figure  26.  Spottall  pinfish,  Dlplodus  holbrookl,  on  the  jetty  at  Radio  Island,  NC.  The  common  sea  urchin  Arbacla 
punctulata can  be  seen  in  the  lower  center  of  the  picture. 


They  can  be  found  along  the  southeast 
coast  of  the  United  States  during  the  rest 
of  the  year.  The  American  oystercatcher 
and  boat-tailed  grackle  are  year-round 
residents.  The  ring-billed  gull  breeds  in 
the  western  United  States  and  Canada  and 
is  seen  in  the  South  Atlantic  Bight  only 
in  winter.  Other  gulls  are  year-round 


residents  (Farrand  1983b).  Except  for  the 
double-breasted  cormorant  which  is  present 
year-round,  most  floating  and  diving  water 
birds  breed  during  the  summer  in  Canada 
and  the  Arctic  (Farrand  1983a).  They  can 
be  found  in  the  South  Atlantic  Bight 
during  the  remainder  of  the  year.  The 
wading  birds  are  year-round  residents. 
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Table  3.  Types  of  birds  common  to  rubble  structures  In  the  South  Atlantic  Bight.8 


Species 

Present 

Surface-searching  shorebirds 

Black-bellied  plover  (Pluvial is  squatarola) 

winter 

Semi  pal  mated  plover  (Charadrius  semipalmatus 

winter 

American  o.ystercatcher  (Haematopus  palliatus) 

resident 

Willet  (Catoptrophorus  semipalmatus) 

resident 

Ruddy  turnstone  (Arenaria  interpres) 

winter 

Red  knot  (Calidris  canutus) 

winter 

Sanderlinq  (Calidris  alba) 

winter 

Semipalmated  sandpiper  (Calidris  pusilla) 

spring,  fall 

Western  sandpiper  (Calidris  mauri) 

winter 

Least  sandpiper  (Calidris  minutilla) 

winter 

Purple  sandpiper  (Calidris  maritima) 

winter 

Dunlin  (Calidris  alpina) 

winter 

Boat-tailed  qrackle  (Quiscalus  ma.ior) 

resident 

Fish  crow  (Corvus  ossifraqus) 

resident 

Aerial -searching  birds 

Laughing  gull  (Larus  atr i cilia) 

resident 

Ring-billed  gull  (Larus  delawarensis) 

winter 

Herring  gull  (Larus  argentatus) 

resident 

Great  black-backed  gull  (Larus  marinus) 

resident 

Floating  and  diving  water  birds 

Common  loon  (Gavia  immer) 

winter 

Horned  grebe  (Podiceps  auritus) 

winter 

Double-crested  cormorant  (Phalacrocorax  auritus) 

resident 

American  wigeon  (Anas  americana) 

winter 

Canvasback  (Aythya  valisineria) 

winter 

Redhead  (Aythya  americana) 

winter 

Ring-necked  duck  (Aythya  collaris) 

winter 

Greater  scaup  (Aythya  marila) 

winter 

Lesser  Scaup  (Aythya  affinis) 

winter 

Oldsquaw  (Clangula  hyemalis) 

winter 

Black  scoter  (Melanitta  nigra) 

winter 

Surf  scoter  (Melanitta  perspicillata) 

winter 

White-winged  scoter  (Melanitta  fusca) 

winter 

Common  goldeneye  (Bucephala  clangula) 

winter 

Red-breasted  merganser  (Mergus  serrator) 

winter 

Wading  birds 

Great  blue  heron  (Ardea  herodias) 

resident 

Great  egret  (Casmerodius  albus) 

resident 

Snowy  egret  (Egretta  thula) 

resident 

Green-backed  heron  (Butorides  striatus) 

resident 

Black-crowned  night  heron  (Nycticorax  nycticorax) 

resident 

Tricolored  heron  (Egretta  tricolor) 

resident 

aData  for  this  list  were  assembled  from  Pearson  et  al  (1942),  Stokes 
and  Shackleton  (1968),  Zingmark  (1978),  Farrand  (1983a,  b),  Scott  et 
al .  (1983),  and  observations  of  C.  Marsh  (University  of  South 

Carolina,  Coastal  Carolina  College,  Conway,  SC),  J.  Parnell  (University 
of  North  Carolina,  Wilmington,  Wilmington,  NC),  and  W.  Hon  (University 
of  Georgia,  Marine  Extension  Service,  Savannah,  GA). 
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CHAPTER  4.  ECOLOGICAL  PATTERNS  AND  PROCESSES 


This  chapter  discusses  the  ecological 
processes  that  determine  the  distribution 
and  abundance  of  flora  and  fauna 
associated  with  rubble  structures  in  the 
South  Atlantic  Bight.  In  general,  we 
restrict  our  attention  here  to  waters  of 
relatively  high  salinity,  characterized  by 
predominately  marine  organisms.  In 
several  cases,  the  processes  organizing 
these  communities  have  not  been 
intensively  studied  on  rubble  structures, 
and  we  must,  therefore,  infer  their 
importance  from  studies  conducted  in  other 
similar  habitats.  In  this  chapter,  we 
outline  our  general  conceptual  framework 
and  then  concentrate  on  the  organization 
of  intertidal  communities,  sunlit, 
subtidal  communities  (which  tend  to  be 
dominated  by  seaweeds),  and  shaded, 
subtidal  communities  (which  tend  to  be 
dominated  by  benthic  animals).  We  also 
discuss  the  effects  of  indirect,  complex 
interactions  among  organisms  since  these 
interactions  are  probably  more  important 
than  has  been  generally  appreciated. 


4.1  CONCEPTUAL  FRAMEWORK 

In  addition  to  the  seasonal 
temperature  effects  discussed  previously, 
the  two  major  physical  gradients  affecting 
the  plant  and  animal  communities  of  rubble 
structures  are  tidal  level  and 
availability  of  sunlight. 

The  animal  communities  in  particular 
are  well  segregated  by  tidal  level  for 
reasons  discussed  by  Jackson  (1977).  In 
the  intertidal  zone  solitary  sessile 
animals  dominate.  These  animals  usually 
possess  hard  external  coverings  (e.g., 
shells)  which  confer  superior  resistance 
to  the  harsher  physical  conditions 
experienced  when  exposed  during  low  tide. 
Subtidal ly,  colonial  animals  are  more 


abundant  because  they  have  indeterminate, 
vegetative  growth  and  are  less  susceptible 
to  overgrowth  and  grazing.  Solitary 
animals  survive  subtidally  through 
morphological  or  behavioral  attributes 
(large  size,  aggregative  behavior)  which 
protect  them  in  competition  with  colonial 
animals  and  from  subtidal  predators. 

Jackson  (1977)  has  also  argued  that 
when  light  is  sufficient  and  all  else  is 
equal,  colonial  animals  lose  in 
competition  with  plants.  This  is  because 
many  plants,  like  colonial  animals,  have 
characteristics  that  are  important  in 
competition  (e.g.,  asexual  reproduction 
and  indeterminate  growth).  Additionally, 
with  adequate  light,  plants  have  a  further 
advantage  in  that  they  can 
photosynthetically  derive  energy  for 
growth  and  reproduction.  In  contrast, 
colonial  animals  must  depend  on  external 
food  sources.  Therefore,  seaweeds 
generally  dominate  shallow  sunlit 
habitats,  and  colonial  animals  generally 
dominate  deeper,  darker  water  and  shaded 
habitats  beneath  docks  and  bridges. 

Wave  action  appears  less  important 
than  tidal  level  and  sunlight,  but  some 
organisms,  for  example  the  oyster 
Crassostrea  virginica.  are  intolerant  of 
the  higher  wave  action  of  the  open  coast 
(Ortega  1981). 


4.2  ORGANIZATION  OF  INTERTIDAL  COMMUNITIES 

In  spite  of  the  paucity  of 
experimental  studies,  it  is  likely  that 
the  organization  of  the  invertebrate 
community  on  rubble  structures  is  by 
processes  similar  to  those  operating  in 
other  rocky  intertidal  communities 
(Connell  1972;  Menge  1976).  On  exposed 
shores,  the  upper  limits  of  blue-green 
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algae,  barnacles,  and  mussels  are  probably 
controlled  by  physical  factors  (e.g.  Van 
Dolah  et  al .  1984).  Chthamalus  fraoil is 
is  probably  restricted  to  the  upper  levels 
of  the  barnacle  zone  through  competition 
with  larger,  faster  growing  Balanus  spp. 
(Wethey  1983,  1984).  Similarly,  the  lower 
distributional  limit  of  barnacles  is 
probably  set  by  competition  with  the 
mussel  Brachidontes  exustus  since 
predation  on  barnacles  in  the  intertidal 
is  minimal  (Ortega  1981;  Van  Dolah  et  al . 
1984).  The  lower  limit  of  the  mussel  beds 
at  mean  low  water  (Figure  5)  is  probably  a 
result  of  predation  by  the  starfish 
Asterias  forbesii ,  the  sheepshead,  (Van 
Dolah  et  al .  1984),  and  the  Atlantic 
oyster  drill  (Wood  1968).  Experimental 
studies  have  shown  that  oyster  abundance 
on  exposed  jetties  is  low  because  exposure 
to  heavy  wave  action  restricts  growth  and 
survival  and  because  oysters  are 
outcompeted  by  the  mussel  Brachidontes 
exustus  (Ortega  1981). 

In  protected  waters  it  is  also  likely 
that  the  upper  limits  of  each  zone  are 
determined  by  physical  factors  while  the 
lower  limits  are  determined  by  biological 
factors.  Again,  Chthamalus  fraoil is  is 
probably  excluded  from  lower  levels 
through  competition  with  the  larger 
Bal anus  spp.  (e.g.  Wethey  1984). 
Brachidontes  exustus  is  absent  from 
protected  waters  and  Ortega  (1981)  has 
shown  that  oysters  competitively  exclude 
barnacles  from  the  oyster  zone.  In  waters 
of  relatively  high  salinity  there  is  an 
abrupt  end  to  the  oyster  zone  at  mean  low 
water  (Wells  1961).  This  is  probably  a 
result  of  several  biological  processes, 
including  predation  by  oyster  drills, 
Urosal pi nx  ci nerea  (Chestnut  and  Fahy 
1953)  and  Thais  floridana  (Wells  and  Gray 
I960),  and  shell  erosion  by  the  boring 
sponge  Cl iona  celata  (Lunz  1943) .  Oysters 
are  found  subtidally  only  where  low 
salinity  excludes  these  other  species 
(Wells  1961). 

Physical  and  biological  disturbances 
can  cause  considerable  changes  in  the 
abundance  of  organisms  in  each  zone.  For 
example,  near  Beaufort,  NC,  Brachidontes 
exustus  was  absent  from  pilings  on  the 
open  beach  from  May  through  August  1977 
(Ortega  1981).  Abundance  increased  to 
nearly  100%  cover  in  September  1977, 


remained  high  until  February  1978,  and 
decreased  again  to  near  0%  after  March. 
Mortality  seemed  to  be  a  direct  result  of 
wave  actioft  on  mussels  which  had  increased 
in  size  during  a  winter  of  growth.  It  is 
possible  that  the  wooden  substrate 
provided  a  less  secure  attachment  site 
than  the  granitic  rock  of  which  jetties 
are  usually  made.  However,  similar 
changes  in  the  abundance  of  mussels  were 
observed  on  jetties  at  Murrells  Inlet,  SC, 
by  Van  Dolah  et  al .  (1984),  where 
mortality  was  a  result  of  winter  feeding 
by  ruddy  turnstones  and  gulls. 


The  intertidal  community  of 
invertebrates  is  resilient  (Hoi  1 i ng  1973); 
the  general  pattern  of  zonation  is 
restored  by  recruitment  within  a  year  or 
two  after  experimental  clearing  (Ortega 
1981)  or  predation  by  birds  on  mussels 
(Van  Dolah  et  al .  1984). 


Although  experimental  data  are 
lacking,  the  most  likely  factors  affecting 
the  biomass  and  species  composition  of 
intertidal  algal  communities  on  jetties  in 
the  South  Atlantic  Bight  are  desiccation 
during  low  tides  and  grazing  by  fishes 
during  high  tides.  Green  algae  in  the 
genera  U1 va,  Enteromorpha,  Cl adophora. 
Ulothrix.  Chaetomorpha,  and  Brvopsi s  and 
red  algae  in  the  genera  Gel idi urn, 
Ervthrotri chi  a.  and  Audoui nel 1  a  are 
commonly  among  the  more  abundant  seaweeds 
in  the  intertidal  zone  (Williams  1949; 
Kapraun  and  Zechman  1982).  Feeding 
preference  and  gut  content  studies  show 
these  algae  to  be  preferred  or  heavily 
used  by  omnivorous  fishes  common  to  the 
bight.  Ogburn  (1984)  noted  that 
sheepshead  tended  to  feed  in  the 
intertidal  zone  during  periods  of  high 
tide  and  that  more  than  70%  of  the  algae 
and  invertebrates  in  their  stomachs 
occurred  primarily  in  the  intertidal  zone 
at  her  study  site.  Hay  (1986)  documented 
some  of  the  effects  of  jetty  fishes  on 
patterns  of  seaweed  distribution. 
Palatable  seaweeds  like  U1  va  and 
Enteromorpha  were  almost  completely 
excluded  from  subtidal  habitats  during 
warm  periods  of  the  year  when  fishes  were 
common.  During  cold  seasons  when  fishes 
were  rare,  U1  va  and  Enteromorpha  were 
common  in  subtidal  areas. 
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Intertidal  habitats  on  rubble 
structures  may  serve  as  partial  refuges 
for  palatable  algal  species  that  are 
seasonally  eaten  to  extinction  in  subtidal 
habitats  by  herbivorous  fishes  (e.g.,  Hay 
1981c,  1984a,  1985;  Hatcher  and  Larkum 

1983).  Since  seaweed  productivity  in 
subtidal  communities  is  often  much  less 
than  in  intertidal  communities,  the 
effects  of  herbivory  on  seaweeds  can  be 
much  greater  in  the  subtidal  zone  (Hay 
1981c;  Hatcher  and  Larkum  1983).  This 
occurs  because  productivity  often 
decreases  rapidly  with  depth  due  to 
decreasing  light  and  turbulence,  which 
provides  nutrients  by  breaking  down 
diffusion  gradients  around  the  algal 
thallus.  Thus,  the  proportion  of  net 
production  lost  to  grazers  can  be  greater 
in  deeper  than  in  shallower  waters  even  if 
absolute  grazing  rates  are  equal.  As  an 
example,  Vine  (1974)  and  Hay  (1981b)  found 
that  seaweed  production  was  27  to  over  400 
times  greater  at  2  to  3  m  deep  than  at  13 
to  20  m  deep  on  tropical  reefs.  Thus,  if 
herbivores  removed  equal  amounts  of  plant 
material  from  deep  and  shallow  sites,  the 
effects  on  the  deep  habitat  plants  would 
be  greater  since  losses  would  be  a  larger 
portion  of  net  growth  and  take  longer  to 
replace.  This  pattern  is  compounded  by 
the  fact  that  seaweeds  in  deeper  areas  are 
always  available  to  herbivorous  fishes 
while  those  in  shallower  areas 
periodically  escape  fishes  during  low 
tides  and  periods  of  turbulent  seas. 
The  effects  of  herbivorous  fishes  are 
discussed  at  greater  length  in  the 
following  section  on  the  organization  of 
sunlit,  subtidal  communities. 

The  effects  of  other  herbivores  on 
intertidal  communities  have  not  been 
studied.  The  most  common  sea  urchin, 
Arbacia  punctul ata.  is  very  prone  to 
desiccation  and  appears  to  have  little 
impact  in  intertidal  communities.  It  is 
possible  that  herbivorous  amphipods, 
isopods,  or  polychaetes  could  graze 
intertidal  algae  and  avoid  desiccation  by 
sheltering  in  the  bases  of  algal  turfs 
during  low  tide.  Some  of  these  small 
mesograzers  consume  macroalgae  (Glynn 
1965;  Martin  1966;  Greze  1968;  Nicotri 
1977,  1980;  Zimmerman  et  al .  1979;  Lewis 
and  Kensley  1982;  Norton  and  Benson  1983; 
D'Antonio  1985;  Gunnill  1985;  Hay  et  al . 
1987,  1988),  but  their  effects  in  the 


intertidal  zone  along  this  coast  have  not 
been  studied.  Herbivorous  gastropods  have 
been  shown  to  have  a  substantial  impact  on 
intertidal  algal  communities  in  New 
England  and  elsewhere  (see  the  review  by 
Hawkins  and  Hartnoll  1983),  but  their 
effects  on  intertidal  hard  substrates  in 
the  bight  have  not  been  studied. 

Competition  has  been  demonstrated  to 
play  a  substantial  role  in  the 
organization  of  intertidal  algal 
communities  in  New  England  and  on  the  west 
coast  of  the  United  States  (Dayton  1971, 
1975;  Lubchenco  1978,  1980;  and  others). 
Descriptive  studies  of  algal  seasonality 
and  zonation  on  jetties  in  the  bight  have 
suggested  that  competition  among  seaweeds, 
and  between  seaweeds  and  invertebrates  is 
important  in  determining  community 
organization  in  the  intertidal  zone 
(Williams  1949;  Kapraun  and  Zechman  1982). 
However,  no  experimental  evidence  is 
available  to  either  support  or  refute 
these  contentions. 


4.3  ORGANIZATION  OF  SUNLIT,  SUBTIDAL 
COMMUNITIES 

In  the  shallow  subtidal  zone, 
seaweeds  tend  to  be  the  dominant  members 
of  the  sessile  community.  In  the  one 
location  where  succession  has  been 
studied,  the  algal  community  appeared  to 
be  the  result  of  a  3-year-successional 
process  (Van  Dolah  et  al .  1984).  Van 

Dolah  and  coworkers  found  that  the  mussel 
Brachidontes  exustus  dominated  the 
subtidal  zone  in  the  first  year  after 
construction  of  the  jetties  at  Murrells 
Inlet.  Predation  by  the  starfish  Asteri as 
forbes i  i .  and  sheepshead  appeared  to 
result  in  the  replacement  of  mussels  by 
hydroids,  bryozoans,  and  tuni cates  after 
the  first  year.  These  groups  in  turn  were 
replaced  by  red  and  green  algae  by  the 
third  year.  This  successional  process  was 
not  entirely  predictable;  it  was  observed 
only  on  the  north  jetty.  B_^  exustus 
dominated  the  subtidal  zone  on  the  south 
jetty  for  the  two  years  that  it  was 
studied  (Van  Dolah  et  al .  1984).  However, 
fL.  exustus  is  largely  absent  from  the 
subtidal  zone  of  jetties  in  North  Carolina 
(J.  Sutherland  and  M.  Hay;  pers.  obser.). 
It  is  likely  that  mussels  are  limited  to 
the  intertidal  zone  by  predation.  The 
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endpoint  of  succession  appears  to  be  the 
brown  alga,  Saroassum  fil jpendula. 

No  experimental  studies  have 
unambiguously  demonstrated  the  importance 
of  the  various  physical  factors  that 
affect  the  organization  of  sunlit, 
subtidal  communities  in  the  South  Atlantic 
Bight.  However,  the  large  annual  changes 
in  water  temperature  that  occur  throughout 
this  region  clearly  have  major  direct  and 
indirect  effects  on  benthic  community 
structure.  Changes  in  water  temperature 
appear  to  be  directly  responsible  for  the 
large-scale  migration  of  most  fishes  from 
inshore  waters  in  the  winter  and  for  their 
return  in  the  spring.  These  migrations 
probably  have  a  substantial  effect  on 
energy  transfer  from  inshore  to  offshore 
habitats  and  on  inshore  and  offshore  prey 
populations.  As  outlined  in  previous 
chapters,  temperature  changes  also  have 
major  effects  on  seaweed  and  invertebrate 
populations.  Some  of  these  organisms  must 
reinvade  rubble  structures  each  year, 
while  others  have  evolved  mechanisms  for 
"over-wintering"  as  resting  stages. 

Wave  action  also  changes  seasonally, 
and  winter  storms,  or  large  waves 
generated  in  other  seasons,  can  have  a 
substantial  impact  on  subtidal 
communities.  Evidence  of  this  can  be  seen 
in  the  large  mass  of  subtidal  organisms 
occasionally  deposited  on  beaches  in  the 
South  Atlantic  Bight.  Since  much  of  the 
bight  is  devoid  of  hard  substrate  in 
shallow  water,  waves  may  have  more  impact 
on  rubble  structures  than  on  natural  hard 
substrate  habitats,  which  are  usually 
deeper.  Waves  also  increase  sand  scour 
and  turbidity.  Both  of  these  factors 
should  significantly  affect  benthic 
community  structure  by  killing,  slowing 
growth,  or  decreasing  reproduction  of 
benthic  flora  and  fauna.  Sedimentation 
and  scour  might  be  particularly  damaging 
to  newly  settled  juveniles. 

The  effects  of  competition  on  the 
organization  of  sunlit,  subtidal 
communities  have  rarely  been  addressed  in 
the  South  Atlantic  Bight.  However, 
experiments  have  been  conducted  in  hard 
substrate  communities  at  a  depth  of  20  m 
on  the  Continental  Shelf  off  North 
Carolina  (Peckol  and  Searles  1983).  These 
experiments  indicated  that  seasonal 


patterns  of  recruitment  and  physical 
disturbance  interacted  with  competitors 
and  consumers  to  affect  the  distribution 
and  abundance  of  both  seaweed  and  benthic 
invertebrate  populations.  When  settling 
plates  were  in  cages  that  excluded  large 
consumers,  competition  for  space  occurred. 
However,  community  development  was 
dependent  upon  season  of  submergence  and 
upon  the  seasonal  growth  and  recruitment 
characteristics  of  the  species  involved. 
In  this  deep  and  often  poorly  lit  habitat, 
it  appeared  that  barnacles  would  have  been 
the  competitive  dominants  had  they  not 
been  selectively  consumed. 

Richardson  (1978)  conducted  a  similar 
study  at  a  depth  of  1.5  m  below  low  tide 
level  on  the  jetty  at  Radio  Island,  NC. 
In  his  cages,  mucous/sand-tube  building 
polychaetes  dominated,  bivalves  and 
serpulid  polychaetes  increased,  and 
barnacles  and  leafy  algae  decreased  in 
abundance  compared  to  their  abundance  on 
plates  in  open-sided  control  cages.  Some 
of  these  changes  were  interpreted  as  being 
a  consequence  of  competition  on  the  caged 
plates.  However,  unoccupied  space 
remained  at  about  50%  on  plates  in  the 
closed  cages  and  it  is  doubtful  that 
competition  caused  the  reduction  in 
barnacles  and  leafy  algae.  Both  amphipods 
and  polychaetes  along  the  North  Carolina 
coast  have  recently  been  demonstrated  to 
be  capable  of  consuming  significant 
quantities  of  larger  organisms  (Hay  et  al . 
1987,  1988).  A  build-up  of  these  organisms 
in  the  cages  of  both  of  the  above 
mentioned  studies  could  have  significantly 
affected  their  results  (Brawley  and  Adey 
1981a,  b) .  Since  amphipods  and 
polychaetes  are  common  prey  of  many  fishes 
(Table  2),  their  increased  abundance  in 
fish  exclosures  seems  likely. 

Both  field  and  microcosm  experiments 
using  seaweeds  from  jetties  in  North 
Carolina  demonstrate  that  seaweeds  in 
close  association  with  larger,  overstory 
algae  like  Saroassum.  experience  decreased 
growth  rates  due  to  competition  (Hay  1986; 
Pfister  1987).  The  consequences  of  this 
for  community  organization  have  not  been 
adequately  evaluated.  Given  the  large 
role  of  competition  for  space,  light,  and 
nutrients  in  other  seaweed-dominated 
communities  (Pearse  and  Hines  1979;  Dayton 
1975;  Kastendiek  1982;  Reed  and  Foster 
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1984;  Santelices  and  Ojeda  1984),  the 
importance  of  competition  in  structuring 
sunlit,  benthic  communities  in  the  South 
Atlantic  Bight  deserves  more  attention. 

Competition  among  fishes  in  the  South 
Atlantic  Bight  has  not  been  studied,  but 
given  the  high  degree  of  diet  overlap 
among  many  fishes  on  jetties  (Table  2)  and 
the  high  densities  of  these  fishes, 
competition  seems  likely.  If  intra¬ 
specific  competition  for  food  occurs,  then 
the  growth  of  immature  fishes  should  be 
density  dependent.  This  pattern  has  been 
documented  on  several  occasions  and  is 
widespread  in  marine  fishes  (Anthony  1971; 
Cushing  and  Horwood  1977;  Leggett  1977; 
Rauck  and  Zijlstra  1978;  Jones  1984a,  b) . 
However,  the  importance  of  interspecific 
competition  in  juvenile  stages  of  temperate 
reef  fishes  has  not  been  investigated. 


For  the  many  juveniles  that  use 
rubble  structures  and  estuaries  as 
nurseries,  competition  from  abundant 
omnivorous  fishes,  like  pinfish  and 
spottail  pinfish,  could  be  particularly 
acute.  In  shallow  habitats  along  portions 
of  the  bight,  pinfish  and  spottail  pinfish 
may  comprise  more  than  50%  of  the  total 
fish  standing  stock  during  the  summer  and 
fall.  This  is  also  the  time  when  feeding 
by  fishes  has  reduced  the  abundance  of 
epifaunal  prey  to  yearly  lows  (Thayer  et 
al.  1975;  Adams  1976a;  Nelson  1979,  1980a, 
b;  Darcy  1985a,  b).  Because  the  diets  of 
these  sparid  fishes  overlap  substantially 
with  the  diets  of  juvenile  gag,  spot, 
black  sea  bass,  and  others  (Adams  1976a; 
Link  1980),  competition  between  these 
species  and  sparids  could  be  particularly 
important. 

One  advantage  that  sparids  may  have 
is  the  ability  to  feed  on  plant  material 
when  crustacean  populations  have  been 
depleted.  This  may  allow  them  to  maintain 
high  densities  that  prevent  the  recovery 
of  crustaceans  and  therefore  make  the  area 
of  marginal  value  for  other  juvenile 
fishes.  Jones  (1984a,  b)  provides  several 
lines  of  evidence  suggesting  that  juvenile 
temperate  fishes  might  be  limited  by  the 
abundance  of  epifaunal  prey. 

Temperate  investigations  of  how 
herbivorous  invertebrates  affect  algal 


distribution  and  the  organization  of 
benthic  communities  in  general,  have  been 
remarkably  fruitful.  They  have  provided 
both  ideas  and  a  data  base  for  many  of  the 
generalizations  in  the  current  ecological 
literature  (Dayton  1971,  1975;  Menge  and 
Sutherland  1976;  Lubchenco  1978;  Sousa 
1979;  Paine  1980;  Lubchenco  and  Gaines 
1981;  Gaines  and  Lubchenco  1982).  The 
effects  of  grazing  invertebrates  on  the 
organization  of  sunlit,  subtidal 
communities  in  the  South  Atlantic  Bight, 
however,  are  largely  uninvestigated.  Both 
Richardson  (1978)  and  Peckol  and  Searles 
(1983)  demonstrated  that  exclusion  of 
large  consumers  could  significantly  affect 
benthic  prey  populations.  However,  their 
experiments  did  not  separate  the  effects 
of  the  invertebrates  (urchins,  large 
crabs,  etc.)  from  those  of  the  fishes,  so 
the  effects  of  invertebrates  alone  are 
unknown. 

The  most  obvious  invertebrate 
herbivores  on  jetties  in  the  bight  are  sea 
urchins.  No  field  experiments  have  been 
conducted  to  assess  their  effects  on 
community  structure.  Hay  et  al .  (1986) 
present  some  data  on  the  jetty  seaweeds 
that  are  preferred  and  avoided  by  the 
common  sea  urchin  Arbacia  punctul ata.  and 
on  its  chemoattracti on  toward  these 
seaweeds.  Some  low  preference  seaweeds 
like  the  brown  alga  Dictvota  dichotoma 
are  chemically  defended  against  Arbacia 
(Hay  et  al .  1987).  Pfister  (1987)  has 
also  demonstrated  that  palatable  seaweeds 
gain  some  protection  from  grazing  Arbaci a 
by  being  closely  associated  with 
unpalatable  seaweeds  like  the  brown  alga 
Sargassum  fil jpendul a.  The  consequences 
of  these  types  of  interactions  are 
discussed  at  greater  length  in  the  section 
on  complex  interactions.  Given  the 
significant  effects  that  sea  urchins  have 
been  shown  to  have  in  other  benthic  marine 
communities  (Lawrence  and  Sammarco  1982), 
it  is  probable  that  sea  urchins,  when 
abundant,  significantly  affect  the 
organization  of  communities  on  rubble 
structures  in  the  bight. 

Other  common  herbivorous  inverte¬ 
brates  include  amphipods,  isopods,  crabs, 
gastropods,  and  polychaetes.  These  can  be 
important  herbivores  in  some  habitats 
(Steneck  and  Watling  1982;  Hawkins  and 
Hartnoll  1983)  but  little  is  known  of 
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their  effects  on  subtidal  seaweeds  in  the 
South  Atlantic  Bight.  Studies  of  some  of 
these  smaller  herbivores  show  that  they 
are  rarely  resource  limited  (Zimmerman  et 
al .  1979;  Stoner  1980c)  but  are  often 

strongly  affected  by  their  predators 
(Young  et  al .  1976;  Young  and  Young  1978; 
Nelson  1979,  1980a,  b,  1981;  Stoner  1980a, 
b;  Brawley  and  Adey  1981a,  b;  Edgar  1983). 
They  appear  to  have  only  limited  impact  on 
most  seaweeds  (Carpenter  1986)  because 
their  predators  usually  keep  them  well 
below  carrying  capacity.  However,  their 
potential  impact  is  great.  Brawley  and 
Adey  (1981a)  demonstrated  that  amphipods 
could  have  a  large  effect  on  recently 
established  algal  communities,  and  P. 
Dayton  and  M.  Tegner  (Scripps  Institution 
of  Oceanography;  pers.  comm.)  have 
recently  observed  giant  kelp  plants 
(Macrocvstisl  on  the  west  coast  being 
completely  consumed  by  amphipods  when 
amphi pod-consumi ng  fishes  were  missing 
from  nearshore  communities  because  of 
events  related  to  the  El  Nino  phenomenon. 

Amphipods  and  polychaetes  can  also 
significantly  damage  seaweeds  that  are 
very  resistant  to  fish  grazing.  Ha.v  and 
coworkers  (Hay  et  al .  1987,  1988;  Paul  et 
al  .  1987)  have  recently  shown  that 

seaweeds  avoided  by  omnivorous  fishes  are 
often  selectively  consumed  by  amphipods 
and  polychaetes  (Figure  27)  and  that  the 
seaweed  secondary  metabolites  that 
effectively  deter  feeding  by  fishes  often 
do  not  affect,  or  may  even  stimulate, 
feeding  by  amphipods  and  polychaetes. 
They  suggest  the  following  reasons  for  the 
evolution  of  this  pattern.  Because  small, 
relatively  sedentary  herbivores  like  tube¬ 
building  amphipods  and  polychaetes  live  on 
the  plants  they  consume,  they  should  view 
plants  as  both  foods  and  living  sites. 
Since  large,  mobile  herbivores  like  fishes 
commonly  move  among,  and  feed  on,  many 
plants,  they  should  view  plants  primarily 
as  foods  and  rarely  as  potential  living 
sites.  In  the  South  Atlantic  Bight,  where 
fishes  that  consume  plants  are  also 
important  predators  on  amphipods  and 
polychaetes  (Table  2),  seaweeds  avoided  by 
fishes  should  represent  safer  living  sites 
for  small  grazers.  Thus,  small, 
relatively  sedentary  herbivores  should 
evolve  a  preference  for  seaweeds  that  are 
well  defended  against  fishes  because  if 
they  are  living  on  unpalatable  seaweeds 
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Figure  27.  Feeding  preferences  of  two  omnivorous 
fishes  and  two  invertebrate  grazers  common  in  the 
South  Atlantic  Bight.  Lines  through  the  top  of  each 
histogram  represent  ±1  standard  error  (data  from  Hay 
et  al.  1987, 1988;  M.  Hay  unpubl.). 


they  should  experience  less  predation  than 
if  they  are  living  on  seaweeds  preferred 
by  fishes.  There  are  now  several 
documented  cases  of  South  Atlantic  Bight 
or  Caribbean  amphipods  and  polychaetes 
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being  resistant  to  seaweed  chemical 
defenses  that  deter  co-occurring  fishes. 
However,  there  are  still  no  data  to 
suggest  that  these  small  grazers  sequester 
the  algal  metabolites  and  thereby  directly 
reduce  their  acceptability  as  prey  to 
local  fishes  (Hay  et  al .  1987).  The 
effects  of  small  grazers  on  algal 
community  structure  clearly  warrants 
increased  attention. 

Given  the  large  impact  that 
herbivorous  invertebrates  have  been  shown 
to  have  on  temperate  algal  communities,  it 
is  surprising  that  more  attention  has  not 
been  focused  on  the  effects  of  temperate 
herbivorous  fishes.  These  fishes  are 
abundant  in  the  South  Atlantic  Bight 
(Figure  26),  are  very  mobile,  search 
visually,  and  have  high  metabolic  rates 
relative  to  co-occurring  invertebrate 
herbivores.  It  would  be  surprising 
therefore  if  they  did  not  have  a  large 
impact  on  the  organization  of  subtidal 
community  structure.  Choat  (1982) 
recently  reviewed  feeding  by  fishes  in 
temperate  waters  and  its  effects  on 
benthic  community  structure.  He  compiled 
an  impressive  list  of  studies  that  suggest 
that  temperate  herbivorous  fishes  have  the 
potential  to  affect  benthic  community 
structure.  However,  he  concluded  that  no 
studies  had  clearly  demonstrated  extensive 
modification  of  temperate,  hard-substrate 
biota  by  grazing  fishes. 

The  following  families  of  herbivorous 
fishes  occur  in  the  South  Atlantic  Bight: 
Sparidae,  Bleniidae,  Kyphosidae,  Mono- 
canthidae,  Mugilidae,  and  Pomacentridae. 
Of  these,  the  Sparidae  (pinfish,  spottail 
pinfish,  and  sheepshead)  probably  have  the 
greatest  impact  on  the  community  organ¬ 
ization  of  rubble  structures  because  they 
are  often  the  most  abundant  fishes  in 
shallow  waters  (Adams  1976b;  Darcy  1985a, 
b;  Hay  1986).  They  also  consume  large 
quantities  of  benthic  macrophytes  (Carr  and 
Adams  1973;  Adams  1976a;  Ogburn  1984;  Darcy 
1985a,  b;  Lindquist  et  al .  1985).  As  an 
example,  Table  4  shows  the  stomach  contents 
of  21  spottail  pinfish  collected  from  the 
jetty  at  Radio  Island,  NC  during  late 
summer.  Approximately  98%  of  the  dry  mass 
of  stomach  contents  was  plant  material. 
Carr  and  Adams  (1973)  reported  similar  data 
for  several  size  classes  of  spottail 
pinfish  ranging  from  26  to  167  mm;  50%  to 


90%  of  the  volume  of  their  stomach  contents 
was  algae.  When  offered  a  variety  of 
common  macrophytes  in  the  lab,  both  pinfish 
and  spottail  pinfish  showed  a  strong 
preference  for  some  species  and  consumed 
very  little  of  others  (Hay  et  al .  1987, 
1988;  and  Figure  27).  During  mid-  to  late- 
summer,  high  preference  species  such  as 
Hypnea  and  Calonitophyllum  show  dramatic 
declines  in  abundance  as  fish  numbers  and 
sizes  increase.  Low  preference  species  such 
as  Sargassum,  Padina,  and  Dictvota  increase 
or  show  no  change  in  abundance  at  this  time 
(M.  Hay;  pers.  obser.). 


To  assess  the  potential  effects  of 
temperate  herbivorous  fishes  on  the 
organization  of  subtidal  jetty 
communities,  Hay  (1986  and  work  in 
progress)  constructed  eight  5,000-L 
outdoor  microcosms  that  were  designed  to 
mimic  the  nearby  jetty  at  Radio  Island, 
NC.  Each  microcosm  was  divided  by  1.5  cm 
plastic  mesh  into  two  equal  sized  parts  of 
1  m2  each.  The  mean  wet  mass/m2  of  all 
common  algae  from  the  jetty  was  attached 
to  the  bottom  and  sides  of  each  partition, 
and  the  mean  field  density  of  each  common 
herbivorous  or  omnivorous  fish  was  placed 
in  one  portion  of  each  microcosm. 
Spottail  pinfish  were  stocked  at  a  density 
of  8/m2;  pinfish  and  planehead  filefish, 
Monocanthus  hisoidus.  were  stocked  at 
1/m2.  Five  new  cinder  blocks  were  added 
to  each  side  of  each  microcosm  and  were 
monitored  at  2-  to  4-week  intervals  for 
presence  and  percent  cover  of  all  animal 
and  plant  species.  The  same  cinder  blocks 
were  monitored  without  replacement  for  the 
entire  4  month  study  .  All  microcosms 
were  located  immediately  adjacent  to  Bogue 
Sound  and  received  continuous  inputs  of 
unfiltered  sound  water  through  an 
apparatus  which  also  generated  waves.  The 
water  in  the  microcosms  turned  over  every 
45-90  minutes. 

Between  the  initiation  of  the 
experiment  in  early  August  and  termination 
in  late  November,  fishes:  (1) 
significantly  reduced  the  abundance  and 
rate  of  establishment  of  U1 va, 
Enteromoroha.  small  filamentous  algae,  and 
all  of  the  common  red  seaweeds  (Hypnea. 
Spyridia.  Chondri a.  Champia,  Pol ysiphonia, 
Gracil aria,  and  Neoaqardhi el  1 al .  (2) 
significantly  increased  the  abundance  of 
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Table  4.  Gut  contents  of  21  spottail  pinfish  collected  from  the  jetty  at  Radio  Island,  NC,  on  1  September 
1984.  Prey  abundance  rankings  are  for  the  jetty  and  are  subjective.  Rare  =  very  difficult  or  impossible 
to  find.  Common  =  small  or  isolated  individuals  can  be  collected  but  a  kilogram  of  the  material  would  be 
difficult  or  impossible  to  collect  in  an  hour.  Abundant  =  a  kilogram  could  be  collected  easily  in  only  a 
few  minutes. 


Species 

Mean  dry  mass 
±  SE  (mg) 

Frequency  of 
occurrence 

Abundance  of  prey 

Small  filamentous  red  algae 

50.9 

± 

11.0 

1.00 

rare 

Hypnea  musciformis 

2.7 

± 

1.1 

0.71 

rare  to  common 

Gracilaria  tikvahiae 

0.4 

± 

0.2 

0.38 

rare  to  common 

Enteromorpha  sp. 

1.2 

± 

0.6 

0.76 

rare 

Ulva  sp. 

0.5 

± 

0.2 

0.52 

rare 

Cladophora  sp. 

0.2 

± 

0.06 

0.43 

rare 

Rhodymenia  pseudopal mata 

0.1 

± 

0.04 

0.24 

rare  to  common 

Polysiphonia  sp. 

0.1 

± 

0.04 

0.19 

rare 

Bryopsis  sp. 

0.1 

± 

0.05 

0.14 

rare 

Gracilaria  verrucosa 

0.2 

± 

0.02 

0.05 

rare 

Gelidium  americanum 

0.2 

± 

0.02 

0.05 

common 

Calonitophyllum  medium 

0.2 

± 

0.02 

0.05 

rare 

Dictyota  dichotoma 

0.2 

± 

0.02 

0.05 

abundant 

Sargassum  filipendula 

0.2 

± 

0.02 

0.05 

abundant 

Padina  q.ymnospora 

0.2 

± 

0.02 

0.05 

abundant 

Amphipods 

0.1 

± 

0.05 

0.24 

rare 

Copepods 

0.1 

± 

0.05 

0.14 

? 

Other  crustaceans 

0.6 

± 

0.06 

0.05 

? 

Polychaetes 

0.1 

± 

0.05 

0.14 

rare 

Snails 

0.2 

± 

0.02 

0.05 

common 

Barnacles 

0.1 

± 

0.02 

0.05 

common 

Bryozoans 

0.1 

± 

0.04 

0.19 

rare 

Hydrozoans 

0.2 

± 

0.02 

0.05 

rare 

unpalatable  brown  seaweeds  such  as 
Sargassum,  Padina,  and  Rosenvingea,  (3) 
significantly  decreased  the  abundance  of 
oysters,  ascidians,  mussels,  arborescent 
bryozoans,  small  crustaceans,  and  worms 
that  lived  in  soft  tubes,  (4)  either 
increased  or  did  not  affect  the  abundance 
of  barnacles  and  worms  that  constructed 
hard  tubes,  and  (5)  initially  decreased 
the  establishment  of  scallops  but  later 
indirectly  increased  scallop  survivorship 
by  preying  on  crabs.  These  data  strongly 
suggest  that  temperate  fishes  can 
significantly  increase  the  abundance  of 
relatively  unpalatable  large  brown 
seaweeds  and  decrease  the  abundance  of 
competing  red  and  green  seaweeds.  Thus, 
previous  suggestions  that  herbivorous 
fishes  are  absent  from  temperate  habitats 
because  these  habitats  are  dominated  by 


relatively  unpalatable  browns  (Bakus  1969; 
Montgomery  and  Gerking  1980)  may  need  to 
be  modified  if  it  is  found  that  herbivory 
by  temperate  fishes  is  an  important  factor 
in  producing  and  maintaining  the  dominance 
of  these  browns. 

Because  microcosms  are  not  perfect 
mimics  of  the  natural  system,  results  from 
field  experiments,  when  they  are  conducted, 
could  differ  from  Hay's  results  if 
predators  or  alternate  food  sources  change 
the  foraging  behavior  of  these  herbivorous 
fishes.  However,  all  available  data  on  the 
natural  history,  feeding  preferences,  and 
feeding  behavior  of  these  fishes  under 
laboratory,  microcosm,  and  field  conditions 
suggest  that  herbivorous  and  omnivorous 
fishes  of  the  South  Atlantic  Bight  have  a 
large  effect  on  the  organization  of 
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shallow- water  hard-substrate  communities 
(Ogburn  1984;  Darcy  1985a,  b;  Hay  1986;  Hay 
et  al.  1987,  1988). 


4.4  ORGANIZATION  OF  SHADED,  SUBTIDAL 
COMMUNITIES 

Organisms  growing  on  shaded  hard 
substrates  have  long  been  regarded  as  a 
source  of  trouble  since  they  also  grow  on 
the  bottom  of  boats  and  must  be 
periodically  scraped  off.  As  a  result 
this  assemblage  is  often  referred  to  as 
the  fouling  community.  Low  light 
availability  generally  limits  the  growth 
of  macroalgae  on  these  substrates, 
allowing  sessile  animals  to  dominate. 

The  starting  point  of  community 
development  on  unoccupied  substrate  is  the 
recruitment  of  larvae  to  that  substrate. 
This  process  is  extremely  unpredictable; 
different  patterns  of  initial  development 
are  possible  from  month  to  month  and  from 
year  to  year  (Mook  1976,  1980;  Sutherland 
and  Karl  son  1977).  Instead  of  preparing 
the  way  for  subsequent  arrivals,  most 
resident  adults  strongly  inhibit  the 
recruitment  and  growth  of  other  species 
(Sutherland  1974,  1977,  1978,  1981; 

Sutherland  and  Karlson  1977).  This 
pattern  of  development  appears  to  conform 
to  what  Connell  and  Slayter  (1977)  have 
termed  the  inhibition  model  of  succession. 
Species  vary  in  their  ability  to  resist 
subsequent  invasion  and  larvae  vary  in 
their  ability  to  invade  assemblages  of 
adult  organisms.  As  a  result,  the 
direction  and  rate  of  community 
development  are  dependent  on  the  order  of 
invasion  and  are  difficult  to  predict. 

The  endpoint  of  community  development 
depends  on  location  and,  at  times,  on  the 
perspective  of  the  observer.  Sutherland 
and  Karlson  (1977)  have  argued  that  near 
Beaufort,  NC,  community  composition  never 
stops  changing  and  that  no  climax 
community  is  present.  As  pointed  out  in 
previous  sections,  the  winter  species 
assemblage  is  extremely  variable  from  year 
to  year.  However,  Sutherland  (1981)  has 
also  argued  that  one  endpoint  is  a 
community  dominated  by  the  solitary 
tunicate  Stvel a  pi  icata.  This  species 
predictably  dominates  summer  assemblages, 


inhibits  recruitment  by  other  species  when 
present,  and  reinvades  in  spring  after 
sloughing  off  the  previous  fall.  This  is 
analogous  to  the  mussel  communities 
studied  by  Paine  (1966,  1974)  and  Menge 
(1976),  where  patches  of  mussels  are 
removed  by  a  variety  of  disturbances,  but 
eventually  reinvade.  Thus,  whether  or  not 
a  "climax"  is  present  depends  on  which 
period  is  chosen  as  a  reference  point  and 
the  length  of  the  observation  period. 

Other  shallow  water  fouling 
communities  near  Beaufort  in  North 
Carolina  "terminate"  at  different 
endpoints.  In  their  studies,  Sutherland 
and  Karlson  worked  primarily  at  the  dock 
of  the  Duke  University  Marine  Laboratory 
and  the  nearby  pilings  of  the  railroad 
bridge  across  the  Beaufort  channel. 
Pilings  near  the  Atlantic  Beach  bridge  in 
Bogue  Sound  are  dominated  by  the  colonial 
tunicate  ApI idium  constel 1 atum.  which 
apparently  can  maintain  this  competitive 
dominance  for  long  periods  of  time.  Wells 
et  al .  (1964)  found  the  fouling  community 
at  Cape  Hatteras  to  be  dominated  by  the 
colonial  tunicate  Botrvl 1  us  schl osseri  and 
various  species  of  sponges. 

Near  Cape  Canaveral  in  Florida, 
community  development  in  shallow  water 
ended  in  assemblages  dominated  by  the 
tubiculous  amphipod  Corophium  lacustra  and 
several  species  of  Bal anus,  in  spite  of 
differences  in  initial  development  (Mook 
1981).  The  Florida  assemblage  was 
persistent,  showing  few  annual  changes  in 
species  composition. 

On  pilings  in  deeper  waters  (>2m) 
near  Beaufort,  NC,  the  fouling  community 
is  dominated  by  long-lived  forms  such  as 
the  hydroid  Hvdractini a  echi nata.  the 
sponge  Xestosoongia  hal ichondroides  and 
the  anemone  Diadumene  leucolena  (Karlson 
1978).  These  species  are  resistant  to 
grazing  by  the  sea  urchin  Arbaci a 
punctul ata.  which  removes  other  less 
resistant  forms.  Grazer  resistant  forms 
tend  to  recruit  at  very  low  intensities, 
but  gradually  come  to  dominate  through 
vegetative  growth  (or  binary  fission  in 
anemones).  In  the  presence  of  A . 
punctul ata .  these  grazer  resistant 
endpoints  would  presumably  be  observed 
regardless  of  differences  in  initial 
development.  Indeed,  Karlson  (1978) 
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documented  enhanced  recruitment  and 
vegetative  growth  of  £L  echinata  in  the 
presence  of  /L  punctulata. 

A  north-south  gradient  in  the 
intensity  of  fish  predation  on  fouling 
organisms  may  be  present.  Near  Beaufort, 
fish  are  only  occasionally  important 
predators  and  have  little  to  do  with  the 
eventual  endpoint  of  community  development 
(Sutherland  1974).  Fish  can  remove  small 
individuals  of  the  tunicate  Stvel a 
pi icata,  when  they  settle  on  open 
substrate.  However,  juveniles  of  this 
tunicate  commonly  find  refuges  at  the  base 
of  erect  colonies  of  hydroids  and 
bryozoans,  and  adults  predictably  dominate 
summer  assemblages.  Near  Cape  Canaveral, 
pi icata  is  predictably  removed  from 
shallow  water  assemblages  by  sheepshead. 
This  tunicate  dominates  only  when 
substrates  are  experimentally  isolated 
from  fish  predators  (Mook  1981). 


4.5  COMPLEX  INTERACTIONS 

Experimental  marine  ecologists  have 
been  impressively  successful  in 
documenting  how  competition,  predation, 
and  physical  disturbances  affect  community 
structure  (Paine  1966;  Dayton  1971,  1975; 
Sutherland  1974;  Connell  1975,  1978; 

Lubchenco  1978;  Sousa  1979;  Ayling  1981; 
Hay  1981b;  Hixon  and  Brostoff  1983; 
Dethier  1984).  The  best  of  these  studies 
have  also  investigated  the  interactions 
among  the  various  factors.  However, 
the  obvious  success  achieved  by  studies 
focusing  primarily  on  competition, 
predation,  or  physical  disturbances  may 
have  caused  ecologists  to  overlook  the 
importance  of  more  complex,  and  often 
indirect,  interactions.  These 

interactions  can  be  counter  intuitive 
(i.e.  one  competitor  is  dependent  on 
another),  and  thus  are  easy  to  overlook. 
However,  in  some  cases  they  may  have  a 
major  impact  on  how  communities  function 
(Dethier  and  Duggins  1984;  Hay  1986).  Two 
examples  of  complex  interactions  that  do, 
or  may,  occur  on  jetties  in  the  South 
Atlantic  Bight  are  described  here. 

On  jetties  in  the  bight,  palatable 
seaweeds  can  gain  significant  protection 
from  herbivorous  fishes  by  associating 
with  abundant  competitors  that  are  less 


palatable  to  these  fishes.  In  fact,  when 
herbivorous  fishes  are  present,  palatable 
seaweeds  are  completely  dependent  upon 
their  unpalatable  competitors  to  provide 
microsites  of  reduced  herbivory  that 
prevent  fishes  from  causing  their  local 
extinction.  When  fishes  are  excluded, 
however,  the  growth  rate  of  palatable 
species  can  be  severely  decreased  (by  more 
than  80%)  by  their  association  with 
unpalatable  ones  (Hay  1986).  For  these 
palatable  seaweeds,  the  costs  of  being 
associated  with  an  unpalatable  competitor 
are  much  less  than  the  costs  of  increased 
consumption  in  the  absence  of  that 
competitor.  For  the  North  Carolina  jetty 
community  where  this  interaction  was 
studied,  it  appeared  that  removing  the 
dominant  (unpalatable)  seaweed  competitor 
from  the  system  would  cause  a  decrease, 
instead  of  an  increase,  in  the  abundance 
of  co-occurring  (palatable)  competitors 
(Hay  1986).  More  recent  investigations 
(Pfister  1987)  have  shown  that  these 
unexpected  interactions  between  competing 
seaweeds  have  similar  effects  on  both 
foraging  fishes  and  sea  urchins. 

Although  there  are  no  rigorous 
studies  of  the  recruitment  of  juvenile 
fishes  to  jetties  or  reefs  in  the  South 
Atlantic  Bight,  a  New  Zealand  study  (Jones 
1984a,  b)  may  be  instructive  for  its 
information  on  the  ecology  of  a  temperate 
reef  fish  and  for  its  illustration  of 
complex  ecological  interactions.  Jones' 
study,  as  well  as  extensive  work  on 
tropical  reefs,  suggests  that  the  spatial 
and  temporal  changes  in  distribution  and 
abundance  of  many  species  result  primarily 
from  patterns  of  juvenile  recruitment 
(Sale  1980;  Williams  1980;  Williams  and 
Sale  1981;  Doherty  1982,  1983a,  b).  Jones 
(1984a,  b)  showed  experimentally  that 
seaweed  abundance  was  critically  important 
in  the  recruitment  of  juvenile  fish 
because  it  provided  both  cover  and  food  in 
the  form  of  epi faunal  crustaceans.  When 
recruitment  was  monitored  over  a  wide 
range  of  reef  habitats,  juvenile 
recruitment  at  a  site  was  shown  to  be 
significantly  correlated  with  algal 
abundance.  Additionally,  when  seaweeds 
were  removed  from  some  reef  areas, 
recruitment  on  those  areas  decreased  by 
87%  compared  with  nearby  controls.  When 
algal  abundance  was  experimentally 
increased  by  removing  herbivorous  sea 
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urchins,  recruitment  of  juvenile  fishes 
increased  approximately  sixfold. 

The  potential  interactions  between 
herbivorous  sea  urchins,  seaweeds,  and 
juvenile  reef  fishes  may  be  of  particular 
interest  in  heavily  fished  areas  of  the 
South  Atlantic  Bight  since  it  appears  that 
urchins  occur  in  unusually  high  abundance 
primarily  in  areas  that  have  been  heavily 
fished  by  people  (Estes  and  Palmisano 
1974;  Estes  et  al .  1978;  Simenstad  et  al . 
1978;  Hay  1984b).  On  some  reefs  in  the 
bight,  urchins  may  occur  at  densities  of 
>30/m  .  On  jetties  near  Beaufort,  NC, 
urchin  density  ranges  from  <1  to  10/nr. 
Predatory  fishes  on  temperate  and  tropical 
reefs  have  been  shown  to  affect  sea  urchin 


distribution,  size  frequency,  and 
abundance  (Tegner  and  Dayton  1977,  1981; 
Bernstein  et  al .  1981;  Cowen  1983;  Hoffman 
and  Robertson  1983),  as  well  as  behavioral 
patterns,  foraging  range,  and  diet  breadth 
(Nelson  and  Vance  1979;  Vance  and  Schmitt 
1979;  Carpenter  1984).  Studies  from  both 
the  east  and  west  coasts  of  North  America, 
as  well  as  the  Caribbean,  have  strongly 
suggested  that  human  removal  of  urchin 
predators  indirectly  results  in  unusually 
high  urchin  densities  and  thus  the  loss  of 
algal  cover  upon  which  many  other 
organisms  may  depend  (Estes  and  Palmisano 
1974;  Breen  and  Mann  1976;  Estes  et  al . 
1978;  Simenstad  et  al .  1978;  Hay  1984b). 
This  could  result  in  longterm  suppression 
of  some  reef  fishes. 
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CHAPTER  5.  MANAGEMENT  CONSIDERATIONS 


Rubble  structures  are  constructed  as 
part  of  a  management  strategy  to  slow 
coastal  erosion  and/or  inlet  migration. 
They  are  designed  to  solve  a  local 
problem,  but  they  almost  always  have 
broader  impacts  on  the  coastal 
environment.  These  impacts  are  the  major 
focus  of  this  chapter.  In  the  Atlantic 
Bight,  rubble  structures  represent  a 
unique  habitat  in  otherwise  distinctly 
different  surroundings.  They  can  attract 
large  numbers  of  fishes,  but  on  a  regional 
scale,  rubble  structures  have  very  little 
impact  on  fish  and  wildlife  population 
sizes  or  distributions.  There  are, 
however,  some  very  localized  benefits  of 
jetties  to  people  who  fish  and  to  other 
recreational  enthusiasts.  These  are 
discussed  at  the  end  of  the  chapter. 


5.1  SHORELINE  EVOLUTION 

In  the  South  Atlantic  Bight  most 
rubble  structures  are  installed  on  barrier 


islands.  To  understand  the  effects  that 
jetties  and  groins  have  on  these  islands 
it  is  necessary  to  understand  the 
dynamics  of  the  interaction  between  the 
land  and  the  sea. 

The  fact  of  overriding  importance  is 
that  the  level  of  the  sea  is  rising.  Some 
15,000-18,000  years  ago  (at  the  end  of  the 
last  ice  age)  sea  level  was  as  much  as  100 
m  lower  than  at  present  because  of  the 
amount  of  water  tied  up  in  glacial  icecaps 
(Figure  28).  As  the  glaciers  melted,  sea 
level  rose  quite  rapidly  until  about  5,000 
years  ago.  Since  then,  although  the  rate 
of  rise  has  slowed,  it  continues  at  about 
0.3  m  a  century  (Pilkey  et  al .  1980). 

Experts  expect  this  rate  of  rise  may 
accelerate.  The  National  Academy  of 
Science  has  warned  that  the  burning  of 
fossil  fuels  and  other  activities  have 
resulted  in  the  presence  of  extra  carbon 
dioxide  and  other  "greenhouse  gases"  in 
the  atmosphere.  The  resulting  "greenhouse 
effect"  causes  the  atmosphere  to  retain 
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heat,  which  increases  the  melting  of  the 
polar  ice  caps  and  raises  sea  level. 

As  sea  level  rises,  the  barrier 
island-sound  system  migrates  up  the 
Continental  Shelf.  This  process  has  been 
operating  for  th.e  last  several  thousand 
years  and  continues  today.  The  front  side 
of  an  island  is  moved  backwards  by 
erosion.  The  back  side  of  the  island 
grows  by  two  processes  (Neal  et  al .  1984). 
Storm  driven  waves  can  carry  sand  from  the 
beach  across  the  island  to  the  back  side 
in  a  process  known  as  overwash  (Godfrey 
and  Godfrey  1977;  Knutson  and  Finkelstein 
1987).  In  essence,  islands  migrate  by 
rolling  over  on  themselves  like  a  tank 
tread.  Secondly,  storms  often  form 
inlets,  new  passageways  between  the  sound 
and  the  ocean.  Tidal  currents  often  carry 
large  quantities  of  sand  through  these 
inlets  into  the  sound,  forming  a  tidal 
delta  much  thicker  than  the  original 
island.  Longshore  currents  cause  these 
inlets  to  migrate,  and  as  they  do  the 
island  is  thickened  over  the  distance  of 
the  migration.  This  process  continues  as 
long  as  the  inlet  is  open.  Overwash  areas 
and  tidal  deltas  become  stabilized  with 
vegetation  and  a  new  sound-side  border  to 
the  island  is  formed. 

The  distance  a  barrier  island 
migrates  with  a  given  rise  in  sea  level  is 
a  function  of  the  slope  of  the  Continental 
Shelf.  In  much  of  the  South  Atlantic 
Bight  the  slope  is  so  gradual  that  a  0.3  m 
rise  in  sea  level  produces  a  landward 
migration  of  the  barrier  island-sound 
system  of  from  30  to  300  m  (Pi  1  key  et  al . 
1975,  1980).  This  means  that  current 

rates  of  sea  level  rise  translate  into  a 
landward  migration  of  0.3  to  30  m  per 
year.  This  migration  is  what  beach 
engineers  call  erosion. 

The  size  and  shape  of  barrier  islands 
depend  on  the  relative  magnitude  of  tidal 
and  wave  energies  (Nummedal  et  al .  1977). 
The  difference  in  the  forms  of  a  tide- 
dominated  and  a  wave-dominated  coastline 
reflects  the  ability  of  the  tidal  currents 
to  transport  sediments  through  inlets, 
versus  the  ability  of  wave-generated 
longshore  currents  to  transport  sediments 
along  the  coast.  Along  wave-dominated 
coasts,  the  longshore  currents  produce 
long,  continuous  barrier  islands  with 


small  ebb-tidal  deltas  (sand  bodies 
seaward  of  inlets)  because  waves  rapidly 
disperse  the  sediments.  Sediments  carried 
landward  into  inlets  by  tidal  currents 
accumulate  in  large  back-barrier  flood- 
tidal  deltas  because  these  areas  are 
sheltered  from  wave  dispersal.  With  an 
increase  in  tidal  range  along  tide- 
dominated  coasts,  the  tidal  currents 
through  the  inlets  increase  in  strength. 
Consequently,  they  can  support  larger  ebb- 
tidal  deltas  against  the  destructive 
influence  of  the  waves. 

In  the  South  Atlantic  Bight,  barrier 
islands  along  the  North  Carolina  coast 
typify  the  wave-dominated  coastline.  The 
mean  tide  range  is  only  0.9-1. 2  m  (Figure 
4).  The  islands  are  long,  generally 
narrow,  and  cut  by  widely  separated  tidal 
inlets  with  large  flood-tidal  deltas. 
They  are  low  in  elevation  and  frequently 
overwashed  (Neal  et  al .  1984).  Islands 
along  the  southern  South  Carolina  and 
Georgia  coasts  typify  a  tide-dominated 
coastline.  Here  the  tidal  range  is  1.5- 
2.2  m  (Figure  4).  The  islands  are 
relatively  short  and  stubby  and  are 
separated  by  stable  tidal  inlets.  Large 
ebb-tidal  deltas  are  associated  with  all 
inlets.  The  islands  usually  have  a  well- 
developed  row  of  sand  dunes  parallel  to 
the  beach  that  is  sufficient  to  block 
overwash  (Neal  et  al .  1984). 

In  the  South  Atlantic  Bight,  ocean 
waves  generally  hit  the  coast  at  an  angle 
which  produces  longshore  currents  from 
north  to  south.  This  is  the  direction  in 
which  sand  and  inlets  migrate,  especially 
along  wave-dominated  coastlines.  However, 
these  waves  can  be  refracted  by  large  ebb- 
tidal  deltas,  producing  south  to  north 
currents  just  south  of  the  inlet.  Ebb- 
tidal  deltas  may  also  produce  a  wave  dead 
zone  just  south  of  the  inlet.  Islands  in 
South  Carolina  and  Georgia  that  are 
sufficiently  long  have  the  shape  of  a 
drumstick  as  sand  is  lost  (to  the  ebb- 
tidal  delta  of  the  next  inlet)  at  the 
south  end  and  sand  accumulates  at  the 
north.  In  contrast,  islands  in  North 
Carolina  are  of  similar  width  throughout. 

For  a  geologist,  beaches  extend  from 
the  base  of  the  first  row  of  dunes  to  a 
depth  of  10-15  m  offshore.  What  we 
usually  walk  on  is  only  the  upper  beach. 


48 


Beaches  are  extremely  dynamic  systems.  We 
have  already  seen  how  they  respond  to 
rises  in  sea  level  and  how  their  size  and 
form  is  determined  by  the  relative 
importance  of  wave  and  tidal  energy.  They 
also  respond  predictably  to  the  increase 
in  wave  energy  produced  by  storms  (Figure 
29).  During  a  storm,  waves  take  sand  from 
the  upper  beach  or  the  first  dune  and 
transport  it  to  the  lower  beach.  The 
beach  becomes  more  flattened  and  storm 
waves  expend  their  energy  over  a  broader 
and  more  level  surface.  The  upper  beach 
can  lose  a  great  deal  of  sand  during  a 
storm.  Much  of  it  is  replenished, 
however,  during  fair  weather.  Sand  is 
pushed  shoreward  by  fair-weather  waves  or 
carried  in  by  long-shore  transport.  The 
source  of  sand  after  storms  is  the  same 
sand  that  was  on  the  upper  beach  prior  to 
the  storm. 


5.2  SHORELINE  ENGINEERING 

We  have  seen  that  barrier  islands  in 
the  South  Atlantic  Bight  are  extremely 
dynamic  systems.  They  migrate  landward  as 
sea  level  rises,  are  moulded  by  waves  and 
tides,  and  respond  in  predictable  ways  to 
storms.  All  of  these  responses  involve 
the  transport  of  enormous  quantities  of 
sand.  The  engineer's  response  to  this 
movement,  labelled  erosion,  is  to  try  to 
stop  it  and  "stabilize"  the  shore.  The 
most  common  method  is  with  rubble 
structures:  jetties,  groins  and  seawalls. 

Both  groins  and  jetties  are 
successful  sand  traps.  If  longshore 
transport  of  sand  is  significant,  sand 
will  pile  up  on  the  updrift  side  of  the 
structure.  However,  this  accumulation  of 
sand  on  the  updrift  side  limits  the  supply 
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of  sand  to  beaches  on  the  downdrift  side. 
The  result  is  that  these  structures 
actually  increase  the  rate  of  erosion  on 
downdrift  beaches.  A  classic  example  of 
this  is  represented  by  the  jetties  built 
in  1898  to  stabilize  the  inlet  to 
Charleston  Harbor  (Neal  et  al .  1984). 
Since  that  time,  sand  has  accreted  at 
Sullivans  Island  to  the  north,  while 
Morris  Island  to  the  south  has  been 
severely  eroding.  In  the  mid-  1800's, 
Morris  Island  had  dunes  10-12  m  high  and  a 
well  developed  forest  of  pines  and 
palmettoes.  Presently  it  is  a  low, 
rapidly  migrating  sand  flat.  The  Morris 
Island  Lighthouse,  which  was  approximately 
850  m  from  the  shoreline  in  the  late  19th 
century,  now  stands  500  m  offshore  (Figure 
30)  (Neal  et  al .  1984). 

Recognizing  that  jetties  often  cause 
erosion  of  "downstream"  beaches,  newer 
jetties,  such  as  those  at  Murrells  Inlet, 
SC,  are  being  built  with  provisions  to 
move  sand  from  the  updrift  side  of  the 


jetties  to  the  downdrift  side.  At 
Murrells  Inlet  the  inner  section  of  the 
north  jetty  is  a  subtidal  weir  jetty, 
allowing  sand  to  pass  over  into  a 
deposition  basin  (Van  Dolah  et  al .  1984). 
The  design  was  to  allow  the  basin  to  be 
periodically  dredged,  depositing  the  sand 
on  the  downdrift  side  of  the  south  jetty. 

Seawalls  and  bulkheads  are 
constructions  of  last  resort  (Pilkey  et 
al,  1980).  Seawalls  reflect  wave  energy 
at  high  tide,  increasing  the  rate  of 
offshore  sand  transport.  This  steepens 
the  beach  profile,  which  in  turn  increases 
the  energy  of  the  waves  striking  the 
seawall.  Seawalls  also  increase  the 
intensity  of  longshore  currents,  which 
remove  even  more  sand  from  in  front  of  the 
wall.  Ultimately  the  system  is  self- 
destructing. 

Seawalls  and  bulkheads  also  prevent 
the  exchange  of  sand  between  the  beach  and 
the  dunes  during  storms.  The  beach  cannot 


Figure  30.  The  lighthouse  at  Morris  Island,  SC  (photo  taken  by  O.  Pilkey). 


flatten  in  response  to  storm  generated 
waves.  Instead,  the  full  force  of  these 
waves  is  expended  on  the  structure  with 
the  result  that  it  frequently  fails. 
Ultimately,  if  sea  level  continues  to 
rise,  anything  that  doesn't  migrate 
shoreward  will  be  destroyed  or  left  at  sea 
like  the  Morris  Island  Lighthouse  (Figure 
30)! 


5.3  EFFECTS  OF  JETTIES  ON  NEARBY  BENTHIC 
COMMUNITIES 

Knot  et  al  .  (1984)  sampled  the 
macrobenthic  communities  of  the  intertidal 
and  nearshore  subtidal  environments  at 
Murrells  Inlet,  South  Carolina.  This  was 
done  during  the  construction  of  the  jetty 
and  once  again  5  years  later.  They  found 
the  infaunal  community  to  be  dominated  by 
several  species  of  polychaetes  (40%  of  the 
species  and  60%  of  the  individuals), 
amphipods,  and  pelecypods.  The  presence 
of  the  jetty  appeared  to  affect  the 


distribution  and  abundance  of  only  one 
bivalve  and  one  polychaete.  Comparison  of 
species  abundance  between  years  and  among 
localities  (updrift  and  downdrift) 
suggested  no  widespread  impacts 
attributable  to  jetty  construction. 


5.4  JETTIES  AS  FISHING  SITES 

Recreational  fishing  is  often 
concentrated  around  rubble  structures 
(Figure  31)  because  of  the  increased 
numbers  of  fishes  that  occur  there. 
Parker  et  al .  (1979)  estimated  that 

an  artificial  reef  constructed  off 
Murrells  Inlet,  SC,  increased  fish 
standing  stock  in  that  immediate  location 
by  a  factor  of  1,800.  Jetties  could  have 
similar  consequences  and  often  seem  to 
increase  angler  densities  by  similar 
amounts.  Figures  32  and  33  show  the 
seasonal  pattern  of  anglers  using  the 
jetties  at  Murrells  Inlet,  SC,  and  the 
species  of  fishes  caught  relative  to  the 
types  for  which  they  were  fishing. 


Figure  31 .  Large  jetties  like  the  one  at  Murrells  Inlet,  SC,  pictured  here,  provide  favored  nearshore  fishing  sites 
(photo  taken  by  R.  Van  Dolah). 
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Figure  32.  Estimated  total  number  of  boats  (A)  and 
bank-anglers  (B)  using  the  jetties  at  Murrells  Inlet,  SC, 
during  different  seasons  (data  from  Van  Dolah  et  al. 
1986). 


5.5  JETTIES  AS  DIVING  SITES 

Most  of  the  sport  diving  industry 
along  the  South  Atlantic  Bight  is  centered 
around  wreck  diving  on  the  Continental 
Shelf.  However,  training  dives  for 
beginning  SCUBA  classes  and  most 
recreational  shore  dives  take  place  at 
jetties  since  these  provide  nearshore 
access  to  deeper  water  and  allow  divers  to 
view  higher  densities  of  fishes  and 
benthic  organisms.  Given  the  small 
proportion  of  the  population  that  dives 
and  the  limited  number  of  dives  conducted 
on  jetties,  jetties  do  not  represent  a 
substantial  asset  for  the  sport  diving 
industry.  Nonetheless,  they  provide 
inexpensive  recreational  and  educational 
opportunities  to  individuals  that  would 
not  otherwise  be  able  to  view  these  reef- 
like  communities. 
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Figure  33.  Types  of  fishes  caught  compared  with  types  desired  by  anglers  using  the  jetties  at  Murrells  Inlet,  SC 
(data  from  Van  Dolah  et  al.  1986). 
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